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INTRODUCTION TO THE THIRD EDITION 


The author npi:ain to omphafiizc tho p;onoralization, 

or rule, which he believes should ^!;uide those wlio wish to expi'ri- 
ment in the alloying of iron with other elements. The general 
statement can be expressed as follows: '‘If iron be combined by 
fusion with notable quantities of an element whose melling- 
point is very much b(‘low that of iron, the tendency is to produce 
a metal of inferior physical propialii's, but if iron be combined 
with an element whose melting-point is nearly that or higher 
than that of iron, then the tendeney is to produce a metal of 
superior jiliysical properties.” (See Introduction to second 
edition.) 

The following are some new features of the third edition: 

(1) A new qualitative test for cobalt in steel. Page 2. 

(2) The latest details of the author^ routine method for 
vanadium in vanadium and chrome-vanadium steels. Page 21. 

(3) Rapid bath test for chromium. Paps 26 and 28. 

(4) Modified bath test by persulphate for vanadium. Page 28. 

(5) Walter's method combined with the author's method, 
using potassium ferricyanide as an internal indicator. 

(6) The author's new method for small (or large) amounts of 
chromium and vanadium, removing the bulk of the iron with 
ammonia. The vanadium can be also separated in this method 
from a large amount of chromium as the vanadium is ]U’ecipitated 
along with the firs portion of the chromium. This makes 
possible the accurate determination of a small amount of V 
in the presence of a large amount of Cr, as the most of the latter 
can be left behind in the filtrate together with the Fe. See 
pages 30 and 31. The neutralization is stopped as soon as the 
first part of the Cr hydroxide appears. For example, suppose 
it is desired to determine about 0.10 V in the presence of 15.00 
ber cent Cr. 


V 



VI 


INTRODUCTION TO THE THIRD EDITION 


(7) The complete analysis of ferro-vanadium, rewritten for' 
Al, Fc, Mn, P, Si, and V. Pages 34 to 39. 

(8) An entirely new modification to get the total phosphorus 
in ferro-vanadium and vanadium steel, using a faintly ammoT 
niacal water solution of ammofiiiim molybdate. 

(9) A new method for separation of the bulk of the titanium 
from the iron by ammonia. Pages 30 to 31. 

(10) The author’s method for the determination of sulphur 
by heating the substance such as finely divided steel, drillings or 
millings, ores, minerals (and sulphates by ignition of the powder) 
in a stream of hydrogen saturated with HCl has been extended 
to a wide range of mat('rials: At a temperature of about 950° C. 
following reaction takes place: 

BaS( > 4 + 2HC1 +811 = BaCb + 4 H 2 O + H 2 S. 

See pages 122 to 129. 

(11) The methods as used by the author for Mg, Ca, Pb, As, 
Bi, Cu, Sb, Ta, Mo, and S in tungsten ores have been added. 
See pages 97 to 113. 

(12) Persulphate method for manganese for all percentages 
of manganese up to 80 per cent, or higher. Page 250 and page 136. 

(13) New cuts of the author’s design of rheostat and muffle 
furnace and carbon combustion furnace. Page 119. 

(14) The determination of large and small amounts of tan- 
talum and tungsten in the presence of each other. Page 138. 

(15) The complete analysis of Wulfcnite ore. Page 168. 

(16) Arsenic in steel. Page 162. 

(17) The determination of Al, Fe, V, and Cr in ferro-chrome 
is rewritten. Pages 174 to 186. 

(18) The author’s method for the determination of large and 
small amounts of Al and Zr in steel by first removing the bulk 
of the iron with ammonia. Pages 189 to 191. 

(19) The complete analysis of zirconium-nickel-aluminun-iron 
alloy. Pages 194 to 201. 

(20) The analysis of crude zirconia. Pages 202 to 204. 

(21) The determination of oxygen and arsenic in copper. 
Pages 218 and 219. 

(22) The determination of boron in iron following Wherry as 
modified by J. M. Lindgrcn. Pages 253 and 255. 
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(23*) Rapid volumetric method for manganene in steel in the 
presence or absence of much chromium. Accurate to at least 
15 per cent of manganese. Pag('s 343 to 347. 

* (24) Idle use of zirconia composition crucibles as a substitute 
for platinum crucibles in the detcAnination of silicon in plain 
steel, and pig iron. Page 350. 

(25) A new method for uranium in sti‘el by removing the bulk 
of the iron with ammonia. Pages 303 to 305. 

(26) New cuts of the author's combustion train and apparatus 
for weighing CO 2 . Pages 270, 278, 270. 

(27) The author's present routine method for nickel. Page 232. 

(28) The complete analysis of pitchbl(‘nd(‘. Page 270. 

(29) The determination of alkali(\s in cljiy. Pages 411 to 413. 

(30) The complete analysis of clays. Pag(‘ 407. 

(31) The determination of cerium in ferro-cerium and cerium 
steel. Pages 533 to 538. 

In all there are considerably mon' than one hundred additional 
pages of new material not found in eithc'r of the previous editions; 
and a net increase of the size of the book to the e.xtent of also 
more than 100 pages. 

(32) A chapter has been added on the microscopic examina- 
tion of steel. Pages 492 to 503. 

Pittsburgh, Pa., 

July 7, 1920. 
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RAPID METHODS FOR TIIF CHFMICaL LYSIS 
OF S4M:CIAL STFFLS, STFFL-MAKIXG ALLOYS, 
TIIFIR ORFS, ANDtGRAPlUTFS 


CHAPTER I 

QUALITATIVE TESTS FOR CHROMIUM, TUNGSTEN, 
NICKEL, MOLYBDENUM, ETC. 

Dissolve 0.200 j^ram of the sample with 5 c.c. 1 : 3 sul- 
phuric acid in 152.4 (0 inches) by 10 mm. test tube. Also 0.200 
gram of a plain carbon steel in the same way. Place the two 
tests in boiling water for a half hour. 

The plain carbon steel will be free from black sediment and 
practically water white as to color. If the unknown contains as 
little as 0.2 or 0.3 per cent of chromium it will look distinctly 
grei'iier than the known steel. Nickel also produces this effect, 
but the color is not so marked. 

If the steel has 0.100 to 0.3 per cent of tungsten a black insol- 
uble residue will be found in the bottom of the tube. This 
black sediment forms also with similar amounts of molybdenum 
and phosphorus. But on addition of 1 c.c. ^of 1.20 nitric acid 
to such a solution the black entirely disappears if due to the 
presence of the two last named elements. The black precipi- 
tate, if caused by a small quantity of tung [ qu , on addition of 
tho nitric acid, changes to a yellow one. If the amount of the 
latter is small it is better to put the test tube back on the water 
bath. and permit the tungstic acid to settle for two hours, when 
it can be seen plainly as a yellow spiral thread rising up through 
the solution by giving the test tube a rotary motion. The black 
residue of phosphide can be recognized by filtering it out and 
dropping 1 : 1 hydrochloric acid on it, when the characteristic 
odor of phosphine is obtained. Or it can be dissolved off the 
filter with 1.20 nitric acid and the filtrate precipitated with 
molybdate solution after boiling it with a slight excess of potas- 
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slum permanganate. Finish as in plain steel to get the yellow 
precipitate. If steels are quite high in silicon, the silicic acid 
and the carbon, together, produce black flakes that float about. 
They turn to white ones on being heated with 1.20 nitric acid 
on a water bath for an hour or two. 

The annealed test for chromium is given under Annealing 
of Steel.” (See page 419.) 

Molybdenum.*— A further qualitative test for the latter 
element is as follows: Dissolve 0.500 gram of sample in 25 c.c. 
of 1:1 hydrochloric acid. Boil till the action ceases, using a 
254 by 25.4 mm. (10 by 1 inch) tube. Heat further with 2.5 
grams of potassium chlorate until a clear solution has been 
obtained or the residue, if any, is a bright yellow. Add an equal 
volume of water. Filter without washing. Dissolve 10 grams 
of potassium hydroxide in 10 c.c. of water. Add this to the 
filtered solution. Boil for five minutes. Filter. Do not wash. 
Pour 8 c.c. of this filtrate into a 254 by 25.4 mm. tube. Add cone, 
hydrochloric acid until cry.stals form. Dilute with water to 
30 c.c. Add a few grains of granulated tin. Heat to the first 
indication of boiling; remove from heat immediately and cool. 
Add to the cold solution 2 c.c. of potassium sulphocyanate. A 
light brownish red indicates 0.2 or 0.3 per cent of molybdenum. 
A distinct red indicates 1 to 2 per cent and a deep red higher 
amounts of molybdenum. This is a fine test, but if the mistake 
is made of boiling the solution too long with the tin scarcely any 
color is obtained. Bring, therefore, to incipient boiling, only, 
after putting in the grains of tin. Then remove at once from the 
fire and test with the KCNS as already described. For nickel 
the quantitative analysis as given on page 232 is so rapidly 
carried out that it constitutes an easy qualitative test also. 

For qualitative tests for titanium and vanadium see page 4. 
For qualitative tests for copper in steel see page 207. For quali- 
tative tests for copper in ferro-vanadium see page 9. For 
qualitative test for nickel in steel see, also, page 7. 

Qualitative Test for Cobalt. — Dissolve 0.200 gram of the steel in 
5 c.c. of 1 : 1 HCl in a 154.2 (6 in.) X 16 mm. tube on a water bath. 
At the same time in the same manner dissolve 0.200 gram of plain 
carbon steel. If the unknown steel contains even as much as 0.05 

* See also page 160 for further details of the qualitative test for molyb- 
denum in steel. 
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p(‘r (‘ont of (‘ohalt it will show a distinct ivhen hoi whereas the 

jllain Steel ’ wjH })(‘ a ‘>i;ol(len yellow color. This yellow color can be 
-‘eliminated by ad<lmf>; a few grains of imdallic tin to the tests. It 
is chara^t(a’istic of the coball that this ^reen color will fade away 
\^ien the solution (H)oIs down, and return a^ain if ii'heated. If 
1 gram of sample is dissolved m K^c.c. of the hydrochloric acid 
and, afti'r all action is over, a few grains of metallic tin are used to 
keep ba(;k the (ailor of ferrii* iron, as little as 0.05 [xw (;ent Uo can 
easily be (k'tc'cU'd. Nick(‘l givi's so much less color that, in a 
0.200 gram tc'T, as much as 5 per c(‘nt of nickel gives practically 
no int('rf(M’enc(' with the cobalt 1(‘^1 if a. ht11(‘ tin is addl'd to keep 
the ii’on all reduc'd. Cobalt doi's not give this delicate test in 
snljihui'ic a(‘id solution, (diromium inti'ih'ri's gri'atly. It shouhi 
!)(' reniovi'd by peroxidation before making the test. See also 
page 372, 

Qualitative Test for Nickel.- -Oissolvi' 0,5 gram of the steel as 
given for vanadium on page 5. When tlu' red fuiiK's are gone, 
cool; add 2 grams of citric aiad and tlu'ii ammonia until the 
solution is ammoniacal and clear. Now introduce a solution 
of dimethylglyoxime of the stri-iigth given on page 231. A 
scarlet precipitate will form if nickel is pri'smit. Sei' also page 
372 if the chi'inist wishes to first leinove tlu' iron before adding 
the “ dimethyl/’ which is a better way if the per cent of nickel 
is very small. 

Qualitative Test for Titanium in the Presence of Vanadium.— 

Dissolve th(' steel as for vanadium as given on page 5 but in a 
small boiling flask, using 0.5 gram of samfile. Tlam peroxidize 
as described on page 35, taking proportionately smaller amounts 
of the sodium {leroxide and carbonate. Redissolve the iron 
hydroxide, after washing it with peroxide water, and peroxidize 
again, and so on until some of the filtrate from the iron hydroxide 
no longer gives a vanadium test with H 2 O 2 on being boiled tlown 
to* one-half with twice its bulk of cone, nitric acid. The iron 
hydroxides can then be dissolved witli 1.20 nitric acid and be 
tested with hydroge'ii p('roxid(' for Ti. The iron hydroxide will 
contain all of the Ti, free from V. 



CHAPTER II 

•ANALYSIS OF CHROMIUM AND VANADIUM STEEL AND 
FERRO-VANADIUM 

The determination of vanadium in the presence of tungsten, 
titanium, chromium, nickel, manganese, silicon, molybdenum, 
copper and aluminum has been studied by the author. It has 
been the latter’s aim to produce modified methods that (iombine 
speed, simplicity and accuracy. The underlying reactions arc 
well known and have been variously applied by different chemists. 

Qualitative Tests 

Absence of Titaniwn.—k qualitative test for vanadium can 
be completed in a half hour or less, even in the presence of 4 per 
cent of chromium, although there be l)ut 0.05 per (^mt of vana- 
dium in solution. Dissolve 0.500 gram of steel in a 254 by 
25.4 mm. test tube (10 by 1 inch) in 10 c.c. 1 : 3 sulphuric acid, 
heating until action ceases, adding a little water, if necessary, 
to dissolve any sulphate of iron that may separate during the 
boiling. Five c.c. of concentrated nitric acid are used to oxidize 
the iron and hypovahadic acid. Heating is continued until red 
fumes disappear. If tungsten be i)rcscnt, filter through paper. 
Filter without washing. Pour some of the filtered or unfiltcred 
fluid, as the case may be, into two 152 by 16 mm. test tubes, 
allowing about 5 c.c. of the solution to each tube. To one of these 
portions add 5 c.c. of sodium peroxide dissolved in dilute sul- 
phuric acid. To the other add 5 c.c. of water. The portion -to 
which the sodium peroxide was added assumes a reddish brown 
shade if vanadium is present. 

If there be enough chromium to give the solution a dark 
green tint, then hold the tubes against an illuminated white 
shade. The vanadic solution containing peroxide will plainly 

♦ From a paper read before the Pittsburgh section of the American Chem- 
ical Soc., Jan. 23, 1908. 
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show a browner tint than its mate, to wliich no peroxide was 
added. The white shade greatly lessens the interference of the 
’ chrome green. The peroxide is jirejiared by dissolving 3.5 grams 
of sodiiifn peroxide in 125 c.c. of 1:3 sulphuric acid and diluting 
\fith distilled water to 500 c.c. i^ld the water last, when pre- 
paring the peroxide solution. 


The I)r]TERMiNATioN OF Chromium and Vanadium in Steel 

The quanhlalivc determination of vanadium and chromium 
in most vaiT'ties of steel (am be made in a comparatively simple 
way. The writcu’ proc(‘('ds as follows: Two grams of steel are 
heated in a mixture of 30 c.c. of 1 : 3 sul{)huric acid and 20 c.c. 
of water in a GOO c.c. beak(‘r. When the first action is over, 
30 (*.c, of 1.20 nitric* acid are uschI to compleO' the solution and 
oxidize tlu* iron. Boiling is continiKHl two minutes longer and 
then 200 c.c. of water are mtroduc('d. From a small pipette a 
solution of permanganate of potassium is delivered, a little at a 
time, until a slight precipitate of manganese oxide is obtained 
that docs not perceptibly dissolve after tw(*nty minutes’ boiling. 
The beaker is nanoved from the fire and, after a few moments, 
is placed in a tray of running wat(‘r until cold. Its contents 
are filtered into a heavy suction llask through an asbestos 
filter using a ll-iiich cairbon filter tube, supporting the asbestos 
on a perforatc'd porcelain [ilate.* (The asbestos is washed in 
nitro-hydrochloric acid and fr(‘ed from cWorine test with dis- 
tilled water before it is u.sed.) The residue on the asbestos filter 
is washed fiftc'cii times with 20 c.c. of 1 : 3 sulphuric acid diluted 
with 500 c.c. of water. 

• The filtrate and washings are returned to the 600 c.c. beaker 
together with 30 c.c. of dilute sulphuric acid, additional. The 
volume is now about 350 c.c. and titration is begun with a 
standard of double sulphate of iron and ammonia. The double 

* Now use porous thimble 1 ,-g inches outside diameter and 2 inches high, 
supported in a glass filter tube If inches O. D. by 31 inches high. A piece 
of flat Gooch rubber tubing of If-inch diameter is required to make the 
tight connection between the thimble and the glass filter tube. This arrange- 
ment docs away with the use of an asbestos filter and requires very little 
water pressure for rapid filtration. The apparatus is shown in the photo 
on page 298. 
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sulphate standard is dropped in from a 100 c.c. burette until 
the fluid in the beaker loses all brown tints and assumes a prac- 
tically colorless shade, in plain vanadium, or in vanadium steels 
containing l(‘ss than 1 pea- cent of chromium. If mu “h chro- 
mium is present, i.e., from 2 to 0 per cent, the iron sulphate is 
added until the chrome jj^recn no longer grows darker, and two 
01 ’ thre(‘ c.c. more to insure an excess. There are two reasons 
why tii(‘ sulphate standa,rd should be add(‘d at tlie start. In 
the first jilacc', though no (*hromiuni may have been added to 
the stc'cl, th('re is oftiai a littl(‘ manganic oxid(' held in solution, 
or p('nnangaiiat(‘, whicli would reduce a portion of tlu^ sulphate 
standard. Agadn then' is lu'vi'r any certainty that small amounts 
of chromium :ire not presi'iit. Th(‘ (luantity of suliihate standard 
required in the foregoing reduction should be noted in case the 
(h'U'rmination of chromium is part of the jirogram. The per- 
manganate of potassium standard is next droppial into the 
solution and, as soon as the' pink (‘olor b(‘gins to disappear slowly, 
the standard is added threi' drojis at a turn', until a very faint 
pink color is olitaiiK'd that pi'rsists after 20 seconds stirring. 
Should ev('n as much as o or (> pw c(‘nt of chromium be present 
a pi'acticed eye can (‘asily (K'li'ct i-ink relk'clions thi'ough the 
chrome green. These pink glints can b(‘ .sih'ii in tlu' bottom of 
the beaker and, as one looks down through the mouth of the 
latter, a rounded bright sjiot. is seen that takes on a iiink flush 
when the permanganate is in ('xci'ss. 

Vanadium. — The solution is lunv ri'ady for the titration of the 
vanadium, alone;* O.G c.c. of potassium ferricyanide is poured 
into the beaker with a convenient dropfier, having an etched 
mark on it to indicate the O.G c.c., so that the same quantity of 
the indicator is always taken, f The ferricyanide imparts a 
brown tint to the iron solution. The ferrous ammonium sul- 
phate standard is again dropped in, a little at a tinu', until one 
drop produces a green coloration that is free from yellow tints.* 
The titration is continued to a blue. The number of c.c. of double 
sulphate standard requinal in this second titration less the 
number needl'd to produce a similar shade in an imitation test, 

Read pages 21 to 22. 

t Five grams of [)otassium ferricyanide dissolved in 130 c.e. of water. 

t Titration.s are now all carried to a blue, i.c., until 3 drop.s of the double 
.sul])bate change the dark green to a distinct blue. 
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made with a steel lhat does not eontam vanadium, ^^ives the 
amoirnt of the sulphate standard required to reduce the vanadic 
-‘acid {in'sent. This remainder is multiplied by 2.54 to obtain 
the nuT^iber of milh^rains of vanadium in the sample'. With 
(^(di lot of analyses, two tests are made of plain steels to which 
have ‘been added known weia:ht.s*of standard h'rro-vanadium 
drillings or powder. If the usual ofierations recover the vana- 
dium added all of tlu' tests made at the tune are acce'pted. The 
amount of double sulphate standard reeiuired by the blank tests 
on non-vanadium st('(‘ls is deducted from all ti'sts before making 
calculations, dins deduction for plain vanadium or vanadium- 
chrome steels whi'i'i' tlu' pi'i* ci'iit of chromium is not much in 
('\cess of 4 per c('nt, varu's from 0.4 to 0.0 c.c. This applies 
to a voluiiu' of approximately 450 c.c. An increased volume 
j)ro(hic('s an increasi'd iilank. .\ test, in duplicate, for vana- 
dium by the fon'going manipulations can lie (*arri('d through in 
an hour and a half in tin' pre.si'iice of chromium, nickel, tungsten 
or molybdenum. 

The presi'iice of much chromium inci’cases the blank some- 
what. With no chromium pri'si'nt the' blank is about 0.3 to 
0.4 c.(*. and, with (‘hromium in tlu' solution to the extent of 

3 f)er cent, it is 0. t to 0.0 c (‘. W ith a chromium content of 

4 per (*ent it is l.O to 1.2 (*.c. It is always best to make control 
tests and blank tests, when high chromium and tungsten steels 
arc Ix'ing amdyzi'd, with mixturi's imitating closely the sam^iles 
submitU'd for analysis. It is very important when dealing with 
alloy steels, containing large* p(*rc('ntages of chromium and 
tungsten, to digest the drillings until the tungstic acid is a bright 
yellow before boiling witli the excess of pe'rmanganate solution. 
One should, when the tungsten has “ cleaned well,” add per- 
manganate until, aft('r twenty minutes boiling, sutlicient excess 
of inang:inese oxide* is ])resent to give the se[)arated tungstic aciei 
a chocolate coleir. Then pre)cce*el as usual. 

When nicke'l is prese*nt in the steel in quantities ranging from 
3 to 5 iier cent the same nmthoel applies, but it must be borne 
in minel that, when ferri cyanide of this concentration (5 grams 
in 130 c.c. of wate*r) is used, in a few minutes, nickel ferricyanide 
separates, hence the titration must be proceeded with inune- 
diately. 

Molybdenum does not interfere with the titration of vana- 
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dium, though the former clement be present in large quanti- 
ties. 

Vanadium in Ferro-Vanadium.— *The determination of vana- 
dium in ferro-vanadiums of the low silicon type offers nq. difficul- 
ties except that segn'gation is considerable. It is always 
advisable to make at least thiee tests of each sample and acerage 
the results. From 0.2 to 0.3 gram are taken and proceeded 
with exactly as in steels until the titration is to be made when, 
instead of adding the double sulphate standard first, the com- 
pleteness of the oxidation of the ferro-vanadium is tested by 
adding three drops of the permanganate standard. If this gives 
a suggestion of [link to the solution, the ferricyanide indicator 
is added and then the ferrous sul})hate standard until the light sky 
blue of the vanadyl salt is darkened slightly by the deeper blue 
caused by the excess of f(‘rrous standard. This end-point is very 
satisfactory but requires a little experience on the part of the 
analyst. The amount of sul[)hatc standard used is noted and 
then the permanganate standard is added, at once, until a distinct 
reddish pink color is obtained that does not fade [icrceptibly 
after thirty seconds vigorous stirring. This end-point might be 
described as an old rose shade. Blanks are run on the same 
weights of a plain carbon sti'el in exactly the same way and 
deducted from the amount of sul[)hate required to produce the 
blue and from the amount of permanganate required to restore 
a pink color. If less permanganate than sulphate is used, after 
correcting the sulphate reading to the permanganate basis, the 
presence of chromium is indicated and a qualitative t(‘st for the 
latter element can be made in an hour by fusing 0.8 gram of the 
ferro-vanadium with 10 grams of sodium carbonate mixed with 
2 grams of nitrate of potassium. The melt is dis.s()lvod in water. 
The residue is removed by filtration in the cold. A yellow- 
tinted filtrate confirms the presence of chromium. Several 
tenths of 1 per cent of chromium arc frequently present. 

The amount of double sulphate should not be taken as a 
basis of percentage calculations unless it is positively known 
that chromium is absent. The sulphate should ])e first added 
as described. This should be immediately followed by the 
addition of the permanganate standard as given and the amount 
of the latter standard required to produce the permanent red- 
* Read pages 14 to 15. 
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dish pink should be multiplied by 2,54 to find the milligrams of 
vanadium' in solution. F or instance in 50 per cent ferro-vanadium 
’ it is not practical to take more than 0.4 gram for analysis. 
One c.c» of the double sulphate equals 0.00080 gram of chro- 
mium or only 0.215 per cent chromium, but it also equals 0.035 
per cent vanadium, i.e., 0.2 per cAit chromium would raise the 
vanadium (content 0.0 per cent if not eliminated by calculating 
the vanadium from the permanganate used to obtain the old 
rose tint. When ferro-vanadium contains much silicon, about 
4 per cent or more, the borings or powder may not dissolve com- 
pletely in sulphuric and nitric acids. The following modi- 
fication is ncc(‘ssary: Treat 0.3 to 0.0 gram of sample with 
00 c.c. 1.20 nitric acid in a No. 5 porcelain evaporating dish. 
When heat [iroduces no further action add 1 c.c. or more of 
hydrofluoric acid, which promptly gives a complete solution. 
60 c.c. of 1 : 3 sulphuric acid are poured into the dish, the watch- 
glass is removed and the solution is evaporatial to heavy fumes 
to remove the hydrofluorii^ acid. The sulphates are dissolved 
in water and transferred to a 600 c.c. beaker and the analysis 
completed as in low silicon ferro-vanadium. 

Ferro-vanadiums containing from 0.5 to 6.0 per cent of 
copper present a slight obstacle. When the ferricyanide indi- 
cator is added copper quickly produces a light yellow cloud of 
copper ferricyanide that entirely prevents any end-point being 
seen. In such cases dissolve the ferro-vanadium in 1.20 nitric 
acid; evaporate dry; ignite; redissolve in HCl; dilute to 300 c.c. 
and pass H 2 S until saturated; filter out the copper sulphide; 
wash it with H 2 S water; evaporate filtrate to about 150 c.c.; 
add a few crystals of chlorate of potash to the not too concen- 
trated solution (potassium chlorate explodes when heated with 
cone. H2SO4); evaporate to thick fumes; take up in water, 
heating until all is in solution; add 20 c.c. of 1.20 nitric acid; 
boil with KMn 04 and finish the V as described. 

As ferro-vanadium samples are, at times, quite variable it 
is always best to make several tests of the latter and report an 
average of the results obtained. If the copper content does not 
exceed 0.3 to 0.4 per cent, even when 2 grams of sample are 
taken, the vanadium can be titrated before the clouding begins 
if it is proceeded with as quickly as possible after the addition 
of the ferricyanide. 



10 


Cr-V STEEL AND FERRO-VANADIUM 


Small Amounts of Vanadium.*—For the dotonnination of 
small jinioimts of vanadium, ran»in^z; from 0.02 to 0.05' por conti 
it is o\p('di('nt to dissolve from 0 to 8 grains of tlu' sIih'I for 
analysis. Such la.i‘^!,e wei^^hts of st(M‘l a, re treated ^il^;t with 
60 e.c. of I : 3 sulphurie aeid^and 100 e.e. of watvr. When thi^ 
aetion is ovi'f, 120 {'.(*. of 1.20 nitric acid ar(‘ add(‘d to coinph'te 
the solution and to o.xuhze t,he iron. Then (‘ontiiUK' th(' analysis 
as usual. Blanks should l)(‘ carried alon^ with ('([ually lai’oe 
amounts of a plain carbon non-vjinadium sti'cl. The writer 
would advise caution in the us(' of maniiniK'se sulphate to 
discharge any ixa’sistiait. pink color wlu'ii boiliiij* with perman- 
ganate, as its us(' in 1 iige anniiiits mhmiis to iiicreas(.‘ blanks, 
ap])arently causing jiart of tlu^ pi'rmanganate to j)ass into 
solution in tlu^ nianganii^ condition. Evi'ii the blank filtrates 
hav(‘ a brown tint as tliough containing a hav hundpKlths of 1 per 
eenti of (Tro'niuai. This would s(‘em, in a measurip similar to 
the solution of iron liydrati^ in iron salts. On discontinuing 
the us{' of an (‘\(*('ssiv(‘ (juaniity of the mangaiu'se sulphate, 
lower and motx' uniform blanks and freedom from brown tints 
th(M’ein weix' attaiiu'd. Do not add ov(U‘ 0.200 gram MnStXi. 

If pink colorations oc(*ur due to exci'ssive additions of the 
permanganate', dilute' further with distille'el wate'r anel a elrop 
or two of ferrenis sulphate' and boil until they arc destixaycd. 
It is rare that elistillexl water eloes not contain eneiugh traces of 
organic matter tei ace‘e)m])h-h this purpose. (A pink exilor in 
the analysis of fe’riXHvanadiu ii eloe's nei harm in the eletermina- 
tiem e)f vanaelium as the sulph; te' stanelarel is adele'd at the' start; 
anel the vanadium is exdeailate' 1 from the amount eif perman- 
ganate' ix'quiix'd to pixxhiex' an old rose' shaele*, afle'r gx'tting the 
blue with the' sulphate' stanelarel anel fe'rrieyaniele imhcator.)t 
Chromium, as ahx'ady intimate'el, can be ele'te'rmined in the 
presence of vanaelium and in the same opewatiem. 

In stx'e'ls, the amount of doubles sulphate useel to elischargc 
all red exilorations, le'aving the solution a cle'ar light green, free 
of all yellowish tints, less the number of c c. of tlie' pennan- 
ganate stanelarel ix'e|uiix'd to ])roduce a slight permanent pink 

See the author’s new methoei for determination of large and small 
amounts of Cr, V, Al, U, Ti, and Zr by removing the bulk of the ferrous iron 
with ammonia. Pages 30 and 31. 
t Read pages 1 1 -1.5. 
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refiodioii, th('ro;iftor, tMiiuils tlio uinouiit of doiiblo sulphate 
uecossaiy to irduK' th(' (‘hi’oinic acnl proscuit to cliroinic sul- 
“ phate. OiK' (* c. of the double suli)hate usually (Miu:ds 0.00087 
gram ol eliroauum. As aliaaidy (‘xplauu'd, tlu' f(MTieyanid(‘ 
iifdieator n )\v' dropi)(Hl in, and^tlie sulphal(* standard jigain 
follows until thre(‘ drops of it produee a bliie.^ The amount 
of sulphat(' consumed bv tins last titration is e(|nivalent to the 
vanadie acid inx'sent., after deducting the regular blank, which 
is usually O.t to 1.0 (‘.c., d(‘|)(‘ndmg on the amount of chromium. 
A sampk^ cahailation is givim as an illustration. (2 grams arc 
taken for analysis.) 

First Part OF Tim Titi^vtion to outmn tiii: Ciiuomicm (Mvdf rffore 



Adding Ferr. a \nidi:) 


KMiilR 


Double' Su!i)ii.ili 

9 1 e e. 

.second reading of burette 

2S h e e. 

2 3 e e 

hist n'.ndmg of buretli* 

12 t e e 

() S e e 

Cdlcnldhon 

It) 2 e.c. 

K) 2 



() -S 




0 Ire ('(iiinl sulplciti' l;v chrorniutn 
9 4X0tt09'S7XHM)-2=0 lOSl), or per (•(‘iit chrorniam. 

Second Porr of tiik 'Fitiivtion (Mvdf Immf.dktm.v after Adding the 
Ferrk'ywide Indi(’\tor) to Obtain the Vanadium 

Sill I )}mlc 

31 t c.c second r(>.Tding of l)iii(‘lte. 

2S () e e Hist r.'iidmg of l)ur.‘1((' 

2 See 

0 tee equ.'d.s regular vanadium blank for low fier cent eliromium 
2 1 e e 

Since I c.c. of sulphate (upials 1 c c. of permanganate or 
0.00251 gram of vanadium, thm-idori* 2.4X0 00254X100-1-2 = 
0.305 ix'r c('nt vanadium. 

Small Amounts of Chromium in Ferro-vanadium.— Ferro- 
vanadium freipiently, as stabal, contains one or two tenths of 
a per cent of chi-omium. Fh(' most satisfactory way to esti- 
mate these sm Jl amounts, in the piv-^ence of large' per cents of 

* The suhphato standard is now added until three drops of it change the 
dark green to a blue. 
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vanadium, is to fuse 1 ^.rram of the fuu'Iy ground powder or thin 
drillinpjs with 20 grains oi* sodium earbonate and 4' t’rains of 
niter. After the fusion is (|uiet, kcej) it molb'u for thirty 
niiiuit('s. Dissolve the melt in as little water as pyoss^ble in a 
platinum or porcelain dish. Add pulp; filter; wash with sodium 
carbonate water. h]vaporat(‘ the filtrate and washing’s to' about 
40 c.c. If the solution is not clear, add a little pulp, filter and 
wash aji;ain. The filtrate and washings should not cxccihI 40 to 
50 c.c. if the chromium conbait is only a tenth of a per cent or 
thereabout. Compare this solution with a .standard consisting 
of 0.070 gram of c.p. potas.sium dichromate made slightly alkaline 
with sodium carbonate; and dilub'd to 250 c.c. in a volumetric 
flask. It is made alkaline by adding sodium carbonate until the 
red color of the dichromate has all beiai convaaled into th(' yellow 
of the sodium chromate. 1 c.c. ecpials 0.0001 gram of chromium. 
Use the same comparison tube's as dcscribe'd under the color 
method for titanium. Rinse one' of tie till ('s three limes vith 
some of the .standard. Then pour into it (‘xactly 10 c.(‘. of the 
standard solution. If the chromium conte'iit is about 0.20 pe'r 
cent, the standard will be yellow(*r than the test. Add wate'r to 
the standard, I to 2 c.c. at a tiiiK', until its color is only slightly 
stronger than that of the test. Continue the addition of water in 
^ c.c. amounts until the standard is just turiK'd lighter than the 
te.st. Suppose the standard matches the b'st in color at 27 5 c.c. 
and the volume of the test is 59.5 c.c. This givi's the proportion: 

StiUuLird V'ol ( T<'st \'()1 1C c o Std 

27.5 : 59.5 : : 0.001 : Z 

5.95 T 27.5 = 0.21 or 0.21 per cent chromium. 

Standardizations. - The writer preh'rs to standardize per- 
manganate of pota.ssium against recrystallized oxalic acid kept 
in tightly stoiipcred bottles:* 1.58 grams of potassium pi'rman- 
ganate are dissolved in a liter flask with distilled wab'r and diluted 
to the mark. 19.5815 grams of double sulphate of iron and 
ammonia, i.e., FeS 04 • (NlIi)‘ 2 SO 4+0 H 2 D, are dissolved in the 
same manner, with the addition of 50 c.c. of 1 : 3 sulphuric acid, 
and diluted to one liter. Usually the relationship between these 
two standards is that from 40.2 to 40.5 c.c. of the permanganate 

* Keep oxalic acid in a cool place to prevent loss of water of crystalliza- 


tion. 
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equal. 40 (“.c. of the doiiblo sulphate. The vanadium value of 
.the permaiip:anate standard is ehecked against the oxalic acid, 
and the vanadium value of the sulphate standard is calculated 
from its*r(‘lation to the permang:anate standard. 

* * The 1.5(S ^:rams of {)erman^fnate solution, theoietically, 
should be equivaleid, to 2.5() grains of vanadium. Its actual 
value is found as follows* 0.1421 ^ram of oxalic acid is dis- 
solved in about 100 c.c. of wat(‘r plus 20 c.c. of 1 : 3 sulphurrc 
acid and heated to 80° (\ 44 k* i)ermanfj:anate standard is then 

added until one drop produ(‘es a pc'rmanent j)ink. 44us usually 
recpiires 45.45 c c. of the p(‘rman^anate. We in the first [ilaci^ 
have the jiroportion: 

Oxulio PcTinan^iiniito 

03 : 31.0 :: 0.1424 : .Y 

44iis ^'ives X (‘(pials 0.07142, or 0.07142 p:ram of pure perman- 
jujanate will oxidize 0.1124 gram of oxalic acid. By the above 
titration it is found that it r(*(|Uir(*s 15.15 c.c. of the perman- 
ganat(' standard to oxidize 0.1424 gram of oxalic acid, d'heri'fore 
each c.c. of the permanganati* standard must (contain 0.07142 
divided by 45.45, or 0.001571 gram of 100 p(*r c(‘nt iiotassium 
permanganate*. AW* thus eibtain the* final proportion, or 

1.58 : 2.50 : : 0.001571 : .Y 

A" eipials 0.002545, or 1 c.c. i)ermangan*tte solution equals 
0,002515 gram of vamulium. 

4'he chromium value of these standards is found by adding 
to 2 grams of a jilain carbon stee*! a wc*igh(‘d amount of recrys- 
tallized potassium dichromate. 44iis mixture is put through 
the entire proci'ss of an analysis, leaking the percentage of 
chromium in dichromate of jiotash as 35.35 per cent, the sul- 
phate standard is found to have a value that varies from 0.00085 
to 0.00087 gram of chromium per (xc. 

It must be constantly borne in mind that to attain success 
in vanadium and chromium tifrations in steels, it is abso- 
lutely essential when coming back with permanganate to stop 
with the first 3 drops that give a faint pink reflection that is 
still faintly, but distinctly, visible after thirty seconds stirring. 

* Read pages 19 to 20. 
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Furtiu'nnore, tlu' no\t is l/> add th(‘ fcrricyanido indicator. 
Tlu'ii th(‘ f(‘rrous aiimionium sulphaU' is (luickly addl'd until 
3 drops jiroducc the first distinct darki'iiin^ of t!i(' ^ri'i'n to a 
distinct hlue. Do not contimu' to add the sulphate tfo a still 
darker hlue. In short, if tl^e jiink ('iid-point is ina'rdone, artd 
then the hhu' oih' also, llu' ('ri’or is douhk'il. Always aim to 
finish standai'ds, blanks and ti'sts ('xai'tly as described. 


The Titration of Vanadiem in Feruo-\ana.i)iem and Plain 
Vanadium Steel, Avoidino the Jnteuflreni e of Small 
Amounts of Maniianiu Oxide, PuRMANiiANATE and Ohuo- 

MATE IN THE SOLUTION 

During four or more yi'ars subscijiient practice of the vana- 
dium method, fi,iven in the pri'ci'diiifi; paji,es of (Tapter II, some 
clianj2:es have Ih'i'u madi' to avoid tlu' interleriTice of any small 
amounts of man^aiu'si' pri'sent in the solution, in the manganic 
state; or chromium that may lu' in the sample to the (‘xtent of 
0.20 to O.IO pi'r cent, or h'ss; or of uranium. Tlu' lattvr I'lm 
ment, when in thi' solution to the amount of sevi'ral jicr ci'nt, 
forms objection(d)le brown tints, seriously oliscurin^ the end- 
point. if th{' ferricyamdi' indicator is added first; then the sulphate 
standard; and thi'ii thi' pi'rman^anate stnndard to obtain the 
old rose shade. Ih'fore this end-i)oint is attaiiu'd, thii uranium 
brown color has ovi'rshadowed it. Py the followinji; modifica- 
tion these interfereiv'es are avoided. 

Fii’st from a 100 c.c. biiix'tti' di'livi'r into an 800 c.c. beaker 
40 (’.(*. of the sulphate standard. Also pour in the beaker 350 
c.c. of distilh'd water and 30 c.c. of 1 : 3 sulphuric acid. Titrate 
this rnixtun' with the permanp;aiiate standard to ^et the relation 
lietween the two standards; assuming the vanadium value 
of the permanganate as conx'i't, that of the sulphate is calcu- 
lated from the result of this titration. The standards prepared 
as givi'n on pages 12 and 13 should be nearly equivalent in 
vanadium valui'. 

Ferro-vanadium. — Now, instead of adding the ferricyanide 
indicator at the start, the titration is begun by adding the sulphate 
standard until all brown or pink tints are gone and a green color 
begins to appear due to th(‘ partial reduction of the vanadic acid 
to the hypovanadic state. Next, add the permanganate standai^d 
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\vitli stirring until u strong mldish pink is reached; 

stir well and wait thirty si'conds to insure' a coinjik'te' reaction 
betwc'cn tlu' vanadunn and the permanganate as the former acts 
rather slfiwly at room lem[)('ratui‘(', make' sure' that the' reel ceilor 
el5es riot faele tiere'cjitihly elurm*; t^u' pause' In i*ase a faehnp; 
is noted mure ])erman^anate must he aeleleel, tolleiwe'el by more 
stirring, and so on, until the faelme: is ne) lonj;er noticeable, 
tioweve'i', su(‘h fading doe's ne)t e)e-e‘ur as a rule' more' than once, 
if tli(' i‘('d e'lul-poiut is approae'lu'd rather slemly and with much 
stirriii}; afte'r each addition eif the' ])e'rman};anate st:indarel. 

d1u' suljihate' stanelard is, ajj^am, droppe'd in to ivmewe the 
exce'ss of the' pe'rm;m»j;anate'; this is :iceomj)lisl ed by aelelin^', 
the forme'i’ staiukird, a fe'w elrojis at a time', until the ele'ep red 
is all t^oiu' !ind the seilution has take'ii on, m the' mam. a ye'llow 
tint with a ve'ry sliidd but. elistinet tan shaele' in it. At this 
sta^i,e' 2 drops e)f the' pe'rmanj;anate' should cause' a luappearane'c 
e)f a sli^!;ht sufA^e'stiein eif pink, as eine' leeoks elown threeu^h the 
mouth e)f the' be'ake'r. The ope'rator e*.an the'ii dise'har^e this 
very faint pink with 2 elreips of the' sulphate' stanelareh The 
solution is now re'aely feer the' titration preipe'r. d'lu' reaelin^ 
ejf the sul})hate' bure'tte is neete'd; the' fe'i-rie'yamele' inelie*ator is 
poure'el in, and the) sulphate st<uielarel is elro[»pe'el in nnnie'eliate'ly 
the'reafter, until the' j»re'e'n eaelor that, forms is e'han^e'el to the 
firnt ele'cj) blue. This elark blue is the enel-point, anel sheiuld 
be rather rapidly appreiacheel to e‘ate*h the tirst e'han^e freim 
the dark ^reen te) the blue. Of e'enirse' th^ se)lutie)n is stirrcel 
vi^rorously during titration. The sulphate' use'el for this 
last titration, i.e., subse'eiue'iit to the' jiourm^ in eif the inelicator, 
minus the blank, is the sulphate e'e]uivalent of the vanadium. 

‘Plain Vanadium Steel. With a vanaelium content of 0.10 
to 0.30 per cent, take' from 4 e>r 5 grains eif sample and pre)e*eod 
as dpscrilx'el feir chreune vanaelium steel ein paj 2 ;e 18, usin^< 50 c.c. 
of 1:3 sulphuric ae'iel to effe'e't the seilution of the drillings, 
diluting with about 20 c.e*. e)f water te) preve'ut the feirmation 
of crusts e)f sulphate of irein; warm until no further evolution 
of fine bubbles e)f hyelroge'ii is visible; and then aelel 60 c.c. of 1.20 
nitric acid to eixidize' the' fe'iTous iimn; lieat until all red fumes 
are gone; proe'e'cd further as give'U em page 18, e'\'e*ept that the 
exce'SS of the liydrate'el oxide of manganese is filtered out by 
means of a porous thimble, avoiding entirely the use of asbestos 
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filters. This same filter is now used for this purpose in the 
analysis of ferro-vanadium. Ihit very slight suction is required. 
(See photo 20, page 298.) 

The filtrate and washings can be pink with an excels of per- 
manganate as will be secui. iThe volume of all tests and blaifks 
should be the same and should not exceed 350 c.c. just before 
the titration. Titrate the above filtrate in the saine manner 
as given for the ferro-vanadium, i.e., discharge all pink or brown 
tints to a clear greenish yellow (of course the grei'u is not so 
noticeable in steels as it is in ferro-vanadium) by adding, at the 
start, about 10 or more c.c. of the suli)hate standard; then 
continue as in the ferro and (*alculat(' the vanadium from the 
sulphate required to produce the dark blue after the addition 
of the indicator, less tlu'. blank, which for this procedure is, in 
this laboratory, from 0.8 to 0.9 c.c. for plain vanadium steels. 

Blank Tests. — To obtain the blank t(‘st to apply in the 
analysis of ferro-vanadium of from 30 to 40 per cent vanadium, 
dissolve 200 mgs. of plain carbon ste(4; and for plain vanadium 
steels, dissolve 5 grams of plain steel, just as directed for ferro- 
vanadium and plain vanadium st(‘(‘l, i(‘spectiv(4y. Put these 
blanks through all of the op(M-at)ons and titrations, noting the 
amount of sulphate required to produce a dark blue after the 
ferricyanide indicator has beem added in the order given. The 
portion of a c.c. so consunu'd constitutc's the blank to be de- 
ducted from all tests. Pay no attentTm should the dark blue 
of the blank begin Co fade in a few minutes. This is causc'd by 
the oxidizing action of the nitric acid left in the solution. In 
actual work containing vanadium, the blue end-point docs not 
fade or change so quickly. 

Blanks can also be determined by difference, i.e., a known 
amount of vanadium is added to a plain steel and it is then 
analyzed for vanadium. Assume, for example, that the value of 
the sulphate standard is 1 c.c. equals 0.00254 gram vanadium; 
further, that to 4 or 5 grams of plain steel have been fulded 30 
mgs. of ferro-vanadium containing 38.23 per cent vanadium. 
This mixture is then analyzed for vanadium and is found to 
consume 5.3 c c. of the standard sulphate. Now 0.3823X30 
equals 11.409 mgs. of vanadium and should require, if there were 
no blank, 11.469 divided by 2.54 equals 4.51 c.c.; therefore the 
blank is 5.3 less 4.51 or 0.79 c.c., or the blank to be deducted 
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frqm ajl titrations to ^ot tho niinihcr of c.c. of sulphate con- 
sviined by the vanadiuin alone. 

Chrome Vanadium Steels. -These steels art' titrated as 
given on ^ag('s A, b, 7, and 10. On page 0 the directions read 
toVonipletely reduce the chroiniunif in the solution by adding 
the sulphate standard until the “ chrome green no longer grows 
darker (that is, the green shade' no longe'r gains intensity) and 
2 or 3 c.c. more to insure excess.” d h(' following example shows 
how the operator can be sure that he has an exce'ss of the sul- 
phate and that, therefore', no e'hreanium reanains in the chromic 
aciel state wdne-h weadel e‘e)nsume? seane eef the sulphate stanelard 
anel be ceninte'd as vanaelium. This examples is particularly 
useful when ste'els high m vanaelium are' te) be ele'alt with, i.e., 
(‘ontaiiiing from 0.50 te) 2.00 per e'ent vanaelium and over; 

EXAMPLE 

First Part of ti:i: T!th\tion to Outmn the Ciiromicm (Made before 
AdDINO the FiailUe'YANIDE) 

KMiiOj Dou!)l<‘ Svjlphato. 

21 0 (‘. ,s('(‘()nd re’admg of the biire-ttc 97 2 e;.c. 

0 (■ c first re'uding of tin* hur('lt(' 0 2 (‘.f*. 

12 c.c. (A) 97 0 c.c. 

12 0 (A) 

8o 0 c c. 

85.0X0.00085X100 divided by 2 eajiiuls ,‘1 01 peT cent clirornium when 
2 grains are' taken. * 

SEe’OND Part of the Titr.\tion to Obtain the Vanadium Peucentaoe 
(Made Immediately after .Vddlno the FEKRievANiDE Indicator) 

• Sul phi I’ I'scd }>tj the Vaiiadiiun 

8 2 c.c. .second n'ading of the* biire'ttc. 

1 2 c.c first reading of the burette. 

7 0 c.c. or (B) 

0 8 c.c (blank) 

() . 2 c.c. 0.2 XO.00254 X 100 divided by 2 equals 0.78 per cent V, 

(A) should always be several e-.c. in excess of (B) to insure no chromium 
being dragged over into the .second part of the titration in the unreduced 
state and counted as vanadium. 
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The Titration of Chrome Vanadium Stekls in a Manner 
Similar to Ferro-vanadium 

In this laboratory thosi steels are now frequently .titraled 
for vanadiuni by oxidizing back the vanadium (after the usual 
excess of the; double sulphate^ has been dropped in the manner 
just describ(‘d to nalrn'C' both tlu' Cr and V) by adding the per- 
manganate standard until a stronjz; pink is obtained, d he 
solution is then stirred for a half minute vip;orously to note if 
there is a pc'rceptible fading of tlu' p('rmanj:»;anate. If tlu're is a 
noticeable fadinpj, then mor(‘ p(‘rman^anale is added to a^ain 
obtain a stronji; pink, which must show no perceptible change 
after thirty seconds’ further stirrinj*;. Then tlu' exci'ss of per- 
manganate is slowly, drop by droj), takiai up by adding, with 
prolonfj;ed stirring, the suliihatn standard until two drops leave 
only the faintest su^^gestion of a pink as one looks down through 
the solution. Wlam the right point, is reacdied, two drops of 
the [lermanganate should again give; a distinct incnuise of the 
pink shade, evem aft(n' the prescribed amount of stindig. Two 
drops of the sulphate standard should I'educe this pink again 
to a faint color. The solution can thus adjusted back and 
forth to suit the o[)erator, t.o a nic(‘ty. It is then ready for the 
addition of the indicator and th(' final titration to obtain the 
number of c.c. used by the blank plus the vanadium, or (B). 


The Determination of the Chromium Value of the Dourle 

SULFHATE, AND THE VaNADIUM BlANK FOR ClIROMIUM 
Vanadium Steels by Means of a Known Mixture. 

Suppose the above values are needed for a steel of about 
3 or 4 per cent chromium and 0.50 to 1.00 per cent vanadium; 
then a suitable mixture would be 2 grams of plain carbon steel, 
free from vanadium, 170 milligrams of c.p. crystals of {)otassium 
diidiromate and 0.075 gram of ferro-vanadium of 21.8 per cent V. 
The analytical data obtained in this particular case, after putting 
the mixture through the regular opiTations given in th(i fore- 
going pages, are found below, together with the calculations: 
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KMnOi used in tlin fust part 
of t lio till at ion I o obtain 
. the (jiroiniuni \ aloe 

Gj S (‘.C. 
fiC) 2 o.c. 


9 () c.c. 

80 6 c.c. 
9 G) c.c. 

71 0 (• (• 


Tin* iloubh' il- 
pliate used hv the 
ehionmiin, etc 

81 0 c.c. 

00 lee. 


80. () c.c. 


iiM'd Gy the cliroiniMin, alone 


Potassium dichromato coutams 80.80 pta* (amt (‘hiomiuin ; thcr(‘- 
forc ().170X0.858o dividcal by 71.0 (Mpials 0.()()()817, or 1 c.c. 
of th(' double' sulphate' oepials 0.()0()(S17 ^ram of chromium. 

The st'etond part of the' titration made immodiate'ly iifter 
addiuii; the' fe'rricyjiuide^ indicator i»ave the following readings 
of the sulphat(' consuu'.e'd by the' vanaelic acid in the solution: 

88 2 c c second n'adiiai; of Gurelte 
81 0 c.c lii.st naidm^ ol Gundte' 

7 2 c.c. sulphate used Gy and l!ir Ghuik. 

0.075X0.218 oeiuals 0.01()8o ^ram of vanadium Jidded. Taking; 
the vanadium value of the sulphate' standard as found Ijy stand- 
ardizing it aiiaiust sodium oxahite, as j>iven on page 20, or 1 c.c 
equals 0.002580 gram of vanadium, one obtains by dividing the 
vjinadium adde'd, or 0.01085, by 0.002580 a quotient of 0.4; 
hence 7.2 c.c. minus 0.4 c.c. e'quals 0.8 c.c. or the sulphate blank 
to be deducted from the total amount of sulphate consumed in 
the' vanadium titration of the td)ove range eff chrome vanadium 
steads. 


The Standardization of the Doubt.e Sulphate for Vanadium 
BY Sodium Oxalate 

(A) The strength of the standards per liter are the same as 
given on page 12. 150 mgs. of c.p. sodium oxalate prepared 

according to Sorensen are weighed into a beaker, and dissolved 
in 20 c.c. of 1 : 3 sulphuric acid plus 150 c.c. of distilled water. 
(This sexlium oxalate can be obtained for a small fee from the 
Bureau of Standards at Washington, 1^. C., or can be prepared 
by recrystallizing the c.p. salt offered by the dealers.) The 
mixture of sodium oxalate is heated to about 80° C. and titrated 
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with the permanganate standard solution until one drop of the 
same changes the mixture to the faintest pink. 

(B) Also a measured amount of the permanganate standard 
is placed in a beaker together with 20 c.c. of 1 : 3 sulphuric acid 
and titrated with the double sulphate standard until the piick 
color just disappears to get the ratio between the two staiidards. 
(10 FeS 04+2 KMn 04 + 8 112^04 = 5 Fe 2 (S( > 4)3 + 8 H 2 O + K 2 SO 4 + 
2 MnS 04 .) The following equation explains the reaction occur- 
ring in (A) : 

2 KMn 04 +r)Na 2 C 2()4 + 13H2S04= K 2 S()t + 2MnS()4 + 10NaITSO4 
+ 8 H 20 + 10 (X )2 ( 1 ) 

Equation (2) shows the relation between the potassium p('r- 
manganate and vanadium: 

5(V0)2(S04)2+2KMn()4+8H2S04 = r)(V())2(S();)3 + K 2 S 0 t 

+ 2 MnS()i + 8 Il 20 ^2) 

Equation (1) shows that 2 KMnOi are equivalent to 5 Na 2 C 204 . 

Equation (2) shows that 2 K]\In ()4 are e(iuivalcnt to lOV ; 
therefore 

5 Na 2 C 204 are equivalent to lOV. 

(070) (510) 

The following proportion will hence give the vanadium equiv- 
alent of 0.150 gram of sodium oxalate: 

070 : 510 : : 0.150 : 

A = 0.1 14 17 gram of vanadium. 

By titration (A) it was found that 45.35 c.c. were required of 
the permanganate standard to combine with 0.150 gram of 
oxalate so that 1 c.c. of the pennanganatc equals 0.11417 divided 
by 45.35, or 0.002517 gram of vanadium. By titration (B) it 
was found that 40 c.c. of the sulphate were equivalent to 40.3 
of the permanganate; therefore 1 c.c. of the double sulphate 
equals 0.002517X40.3 divided by 40, or 0.002530 gram of vana- 
dium. The double sulphate standard should be tested according 
to (B) on each occasion that it is used and its vanadium value 
adjusted according to the relation so found. 
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SOME RECENT ANALYSES OF FERRO-VANADIUM 


^ ^ 

- - 


- - - 




No 1 

i No 2 

No .3 

No 1 

No .'■> 


Cor ('(‘Dt 

Cor ('I'lit 

Pit Ci'iit 

Pur (\-nt 

Per Cciit 

c., .. •. 

Mn . 

0 (U) 

■ 0 05 

0 08 

0 13 

0 19 

0 u 

! 0 18 • 

0 19 

0 22 

4 11 

Si ... 

1 52 

0 97 

0.00 

0 92 

8 35 

V 

40 41 

40 51 

39 40 

39 50 

35 02 

Ni 

0 72 

1 32 

1 08 

2 50 

7 74 

Cu 

None 

j Nono 

Noiu* 


None 

A1 

i 0 95 

1 22 

1 1 33 1 

0 92 

1 43 

Mo 

1 0 92 

1 00 i 

0 92 

0 00 


Fe 

54 05 

54 10 

55 20 

51 50 

42 00 

P 


1 

1 

0 13 j 


s 


1 

1 

1 1 

0 ()5 1 

f 

0 20 


For tlu' (U'turimnatioii of Vantidiuin in Vuimcliuiii Ores, soo page 309. 


Chromium and Vanadium in Al!A)y Steels 

The Method as it ?.s Now Used hij the Author for Routine 
Worl'. — Dissolve* 8 grains of sain[)l(‘ in (>00 c.c. huaker; add 30 o.c. 
H 2 S ()4 (1 : 3) and 700 c.c. waU'f, aikI heat ^(‘idly until dissolved. 
Add cautiously 30 c.c. HNO.-j (1.20 sp. increase heat slightly 
and boil until all brown fumes have been expelled. The tungstic 
acid of high speed steels changes from a dirty black to a yellow 
color when fully oxidizial at this stage. The tungsten must 
show as a bright yellow residue or C.r and V results will be low. 
If not bright yeHow, add more nitric and continue to digest 
until clean bright yellow tungstic oxide is obtained. Keep 
barely at boiling temperature till clean yellow. 

Dilute with water to 300 c.c. volume; bring to a boil; add 
KIVln 04 solution (25 grams per liter) from a pipette or glass 
tube until a slight precipitate of manganese oxide begins to 
form*. Boil for fifteen minutes to decompose any excess KMn() 4 . 
Should the solution clear up on boiling, more KMn 04 solution is 
added until a permanent precipitate fonns that settles out, 
leaving the total sediment of a bi'own color even when tungsten 
is present. Cool to room t(*mperature in a pan of cold ninning 
water; filter through a poi-ous crucible, using suction, and wash 
residue in crucible fifteen times with water. 

• Clean the original beaker by rinsing with a few c.c. of ferrous 
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sulphiito,, thon with wator to remove the sulphate. If there is a 
yellow deposit of tun^stie aeid adherin^^ to beaker, use ammonia 
to dissolve, then rinse with wnt(‘r. R(‘je(d, th(' cleanings. Transfer 
filtrate to original beaker; if perfectly clear, proceed ^ith titra- 
tion, otherwise refilter. Sev(‘ral tests may l)e filtered succ(\ssively 
throug,h the same porous crucible, until slowness of filtration 
warrants cleaninji; out the deposit. 

Titration. Solutions reipiired: N/20 ferrous ammonium 
sulphat('; N/20 potassium-p(‘rmanp;anate; K.jFeC'No (5 ^ijrains 
120 c.c. water). 

Usin^ two 100 (*.c. bundtes, ^raduatcMl either in fifths or tenths 
of a cubi(! centimeter fill one wilb KMn ()4 and the other with 
N/20 FeAm sulphate, Ix'in^ candul to exclude all air bubbles. 

Record readin«:s of buretti's, whiidi should for convenience be 
zero or thereabouts. While continuously stirring; test, add rapidly 
from buretU', N 20 FeAm sulphate. The t.('st piisses throug;h a 
gradual color change from yiTow to green or perhaps a bluish 
tint, if consid(‘rable vanadium is presimU 

With a little (‘xjierience, the' operator may easily judge when 
no further change in color is causinl by th(' addition of a few cc. 
in excess of the FeAm sul]diate solution. At this stage all chro- 
mium is reduced to (WoOa and all vanadium to V 2 O 1 . Back 
titrate with N/20 KI\In ()4 until just the faintest pink persists on 
stirring two minutes. The eye can b(‘. readily trained to obsiawe 
a pink tinge in such a solution due to 1 or 2 drops of N/20 K]\In() 4 . 
At this stage all vanadium has been oxidized back to V20r, and 
the excess Fc.\m sulphatx^ destrovc'd with an e(]uivalent of KMn 04 . 
By subtraeding the c.c. of KAln ()4 consumed in bai^k titration, 
from the total c.c. of lA'Am sulphate used, we have the exact 
amount of sulphate solution required to reduce the chromium 
present. See “ Calculations." 

Vanadium Titration 

Having rccordiid the final burette reading in the chromium 
determination, transfer the last sulphate reading to a space set 
aside for calculation of vanadium — thus making it the starting- 
point for this determination. If less than 15 c.c. FeAm sulph. 
arc left in the burette after the chromium detennination, refill 
and note the reading before starting the vanadium titration, 
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as it is had practii'o to ivfill tho hundto in the midst of titration 
of tho vanadium. Add from a pipetlo or ^lass tube, •> 

Iv FoCNii s(diition and titrato rapidly yot carefully to the first 
appearan^' of a dark-blue color. 

•Note the burette readin;r :ind su^)tract the previous reading 
from if. A blank n^presimting the amount of lA'.Vm sulph. 
reciuired to produce the blue' end-point in the vanadium titra- 
tion is furth('r subtracted; tins final difha'ence is the exai't amount 
of sulphate naiuin'd to reduci^ th(‘ XAt),-, to V 2 O 1 . 

Standards, Duplicates, Precautions, etc. Do not filti'r warm 
or hot solutions througli [)orous crucibk's, lu'cause of th(' invarialile 
tendency to nalin'e tlu' clironuum, thus giving a final value' too 
low in per cent chromium. 

When vanadium is ])res(‘nt, the ])ink of tli(' KAInOj used in 
back titration fades out on stirring and is not jx'rmaiu'nt until 
all V 2 D 1 has b('en oxidized to V-jDr,. It is ('ssential that the num- 
ber of e.e. of KMnOi consunu'd m back titration of the chromium 
be in exc(‘ss of the numlx'r of e.ea of sulphate' used in the vanaelium 
titratiem to the' extent of 3 e)r 4 e*.c. at le'a,st. Otherwise a little 
chromium may e'scajie' reeluctiein anel be' e*e)unte'el as vanaelium. 
This is important. 

Shoulel the operate)!' eibserve' that in bae*k titrating feir e*hro- 
mium only a fe'W eae*. give a jie'rmane'nt pink; steip; aelel lA'Am 
sul})h. until test is gre'en, the'ii re'sume the KMn(b back titratiein. 

The following synthetie*. stanelarel is suitable and e'onve'iiie'ut 
for cliromium-vanaelium ste'e'l. 


200 ing KXTjO; (33 :t3 ikt cent C'r) 
40 ing. Im'V (3S 33 per (-(Mit V) 

2 grams plain sti'cl 


i 3.31 per cent Cr 
j .7(t3 j)('r cent V 


*Thc plain steel use'el in making the stanelarel analysis (‘on- 
tains .003 jier cent Or anel no vanaelium. 

rf a test e'louds U]) immeeliately on putting in the ferrie'yaniele 
solution for the vanadium ele'termiuatiem, ceipper in conside'rable 
quantity is present. 

Nickel and e*obalt up to 5 ])er cent elo ne)t interfe're if the 
vanadium titration is imule rapielly, after putting in the ferri- 
eyanide; the test cleiuels em staneling feir seime time. 

If copper is pre'sent in sufficient quanfity to give a elense 
cloud when the KaFeCNo is addeel, then dissolve the steel as 
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already described, \mng the precautions given to insure prefect 
solution if tungsten be present. 

Then filter off the tungsten, if any be present; wash it with 
dilute sulphuric acid wash water; evaporate filtrate iv\d wash- 
ings to slight fumes of SO3. Dense fuming renders the chromium 
insoluble. 

Add 200 c.c. of water and 20 c.c. more of 1 : 3 sulphuric acid; 
heat until all salts are in solution and pass a rapid stream of 
H 2 S through the solution until precipitate settles out well and 
supernatant solution is clarified. Filter into 500 c.c. beakers, 
wash twenty-five times with 112 ^ water (| c.c. H 2 SO 4 (1 • 3), 
500 c.c. water, saturated with H 2 S). Concentrate filtrate to 
100 c.c. volume, add 30 c.c. HNO 3 (1.20), boil for five minutes, 
dilute to 300 c.c., bring to a boil, add a slight excess of perman- 
ganate, boil, and proceed in the usual manner for determining 
chromium and vanadium. The CuS precipitate is quantitative 
and may be determined by titration with KC'N. It is a rare 
occurrence that enough copi)er is present to interfere. 


1^;XAIVIPLES 


K 2 Cr /)7 200 mg. 


N/20 KMnOi beV . 40 mg. 

N/20 FoAm sulph. 

11 8 .Plain steel 2 gm. 

96 0 

0 0 

0 0 

11.8 c c. 

96 0 
-11 8 


84 2 c.c. 

.3535 gm. Cr in 1 gm. K 2 Cr 207 


2 


84.2). 0707()000( 0008396 

7 0 

X 100 

0 0 

7 0 


1 c.c. = .084 percent Cr on 1 gm. basis — G 0 

V-blank 1 0 c.c. 

.3825 gin. V in steel 
04 

!bTr)3000( 002.51 gm. =vanadium value at 1 c.c. FcAm sulph. 
1524 6 02 c.c. = FcAm sulph to reduce vanadium added. 


600 

508 

1 c.c. = .254 per cent V on 1 gm. basis. 
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Method Used in Cu and V 


N/20.KMnOi 
21 0 
11 S 


\l\aStcl 3 Kin 

1 03 piT c(Mil Cr 
22S j)er (‘(‘nt V 


N/20 l'>\m sulph. 

53 0 
7 0 

46 0 
9 2 


0103 ^111 Cr .n 1 grii. Alva. 
3 

30 S) 03()900( OOOSl 
200 


36 8 c.c. 


56 7 
53 0 


11()0 3 7 

1172 2 7 

V-bliink 1 0 c.c. 

1 c c. = 0S4 per cent Cr on I gin basis. 

.00228 gin. V in I gin Alva 
3 

001)8 10( 002.’)! gin value of 1 c.c. N/20 FoAm sulph. 
508 ’ 2 7 c c 


1760 


N/20 KMnOi 

No .30(1 I Kin 

N 20 Ff \iM rsul[)h 



31 0 

49 

.59 0 



21 0 

081 

0 0 

63 5 


10.0 C.C. 

196 

59 0 

.59 0 



392 

10 0 

— - 



4)4 116 

1 029 

19 0 c c. 

1 5 

1 Oc 

c blank 


3 5 
X 251 


1270 

762 

4) 8890 
222 

I 03 Ct 
22 V 



No .502 .3 gm 


39 1 

12 3 

45 0 

31 0 

084 

0 0 

8.1 

492 

45 0 


081 

8 1 


1 0332 

3)36 9 
12.3 



26 


Cr-V STKKL AND FKHRO-VANADIUM 


1 03 Cr 48 G 

.22 V 45 0 


3 G 

1 0 (• r blank 

2 (i 
A’ 254 

1521 
508 
3) (•)()()! 


Vnnation from the ohoir Dirvctiorm 

.5 por cent ('r (o 2 p('r (•('nt (a- use 3 to 5 gin. samples 

2 p('r cent C'r to 5 |)cr cent (.’r use ! ] to 2 ^m. samples 

Over 5 i)er cent Cr .u.se I gm. 

When 5-jrrani sjiniple.s aix' taken, dissolve' in 40 e.e. H13SO4 
(I : 3) and (K) ea*. distilk'd wat(‘r, tluai oxidize with 40 e.e. IINOa 
(!.20), after which proeecal as outliiKal in the fon'^oing inetho^^: 


Uapii) AIktiiod for Prklimin.\uy Bath Tests 

KMnOj Method, Destroying Excess Pink Coloration with 
Manganese Sulphate: Chromium, 35 Minutes. Weigh 2 grains 
sanpik' in 600 e.e. lieakca’, dis.solvi* in 100 e.(^ HoSOa ( 7 ^ por cent 
by vol.) on stove or liot plat(‘. WIkmi dissolvcal, remove fi'oin 
heat and add cautiously 30 e.e. lINOa (1.20). Beplaee on stove 
and boil off all brown funi(*s. Dilute to 200 e.e. witli boiling 
distilled wall'!-. 

Add KAIiiOa solution (25 grams per liter) to the boiling solu- 
tion in small doses until test is pink, and a slight cloudiness 
pi'rsists. Boil five minutes; remove from stove; add cautiously 
200 mg. manganese sulphate crystals; replace on stove and boil 
five minutes longer to destroy excess KMnOi. Place beaker 
containing test in a pan of cold running water and bring to room 
tempiM’ature. 

Filt(‘r test through a jiorous clay crucible, wash ten times 
with distilled water from fine jot, tran.sfer to original beaker, 
then titrate with N/20 FcAm sulph, and N/20 KMn04 in the 
usual manner. 
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KMnOi 

13 3 

• 


EXAMPLE 

No I { St.l ( 70 Cr) 

- Kin 

last i-'adiiiK 
first H'ailiii"; 


12 7 to l)(' suhtnictod from FoAm siilph. 


FcAm sulph. 

. 32.8 
3 1 

29 7 
12 7 


70 O 111 Sfd. 
2 grn taki'M 

17 c.c.)l 10000( 0S23") 

1 3() 


17.0 c c. 


Factor 


1 0 c ^.0S24 per cent Cr in 1 pm. sample 


KMn(>4 

10 9 
13 3 


Siunplc No I'N.'jS 
Kin 


Fe.\m sulph. 

4S 1 
32 8 


3 0 c.c. 


If) 0 
3 0 


0824 actor 
12 


12 0 e 


1018 

821 

2 gm t)888 
4944 


.40 Cr 


(Time re(|uirod, 3.5 minutes.^ 


He marks 

lOO c c. H.SO4 (7( jier cent = (3 ) c.c. ILSO4 (1 : 3)) 
(70 c c. water ) 


Moderate suction is iis(‘d wIkmi filtering; test through the porous 
clay crucible. Should lest h.ave a pink color after transferring 
to original beaker, ;idd 100 mg. more of manganese sulphate and 
boil until cloud forms, najuires about five minutes’ boiling. 

Cool; filter; then proceed with titration. Do not increase the 
dose of manganese sulphate, ns it makes the result too high {see 
page 2S). 
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EFFECT OF MANGANOUS SULPHATE ON CHROMIUM RESULTS 


No, 13 Std. 2 f)lus 100 Mn sulph 69 torrocH. 

No. 13 Std. 2 pni. i)lus 200 ni*!; Mn sulph 71 correct 

No. 13 Std. 2 {z;in. plus .lOO in}>; Mn sulph 73 too luj^h 

No. 13 Std. 2 ^m. j)!!!-; .■)00 rnfi;. Mn sulph 76 to^t hij^h 

No. 13 Std. 2 gm .m):) Mn .sulph 773 lot; high 

Correct chrome value for No, 13 Std 70 per cent Cr 


Modified Persulphate Method for Rapid Preliminary Bath 
Tests — Chromium -Time Twenty-five Minutes.— UTigh I gnuii 
sample in 400 c.e. lieakt'r; (liss()lv(‘ in 100 c.e. HeSOt (7J per cent 
l)y voluni('). Add 30 e.(*. IINOa (1.20) and boil until all brown 
fumes liav(' betai exindhal. Add 20 c.e. AgNOj solution (0 grtims 
per 1000 e.e. w;d('r) followt'd immediatt'ly by 20 c.e. timmonium 
])ersulpliate solution (240 grams per 1000 e.e. water); then 
boil inodi'rately until line bubbh's <ar(' no longt'r o.xpi'lled. 

Add 3 e.e. of a. o [xu- e(ait solution of 11(4, and boil for two 
minutt's; if solution has any trace of red color left, add 1 e.e. 
more of the 5 pi'r cent. 11(4 tind boil another minute (i.e., the 
))erma,ngtin:it(‘ pink of the t('st should be destroyed with the 
snudk'st possible; e\e(‘ss of 11(4). 

('ool in a pan of watc'r to room ttanperature, then titrate 
with N 20 h'rrous ammonium sulpluite and N/2() KMnOi in 
the usual mamu'r for (diromium and vamulium, using a 5 per 
(‘ent solution of K.d'ed'Nt, as an internal indie<‘itor in the vana- 
dium titration. 

Remarks.— 'Vho ehronu' faedor is a litth' higher and the vana- 
dium blank lowca* re this nu'thod, as compared with the perman- 
ganate method filtering through clay erueibk; method. 
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KMnOi 

No 13 Std { 70 Cr) 

FeAin sulph. 

32 4 

1 Kill 

23.1 

26 3 


8 7 

6.1 

0813 

14.4 


8.3) 70000 

6 1 


661 

8.3 


360 

332 


280 

249 
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KMn()4 K-:,S l-VXinSuIph 

. 1 Kill. 

37 1 33 S 

32 1 23 1 

6.0 10.7 

0813 5 0 

- ’’-L 6.7 

L21.') 

I'SO.M 48 Cr 


(Tune n'lniin'd, 2.") ininutc's.) 


Chromium and Vanadium (Phk.-^fa’ 'u ou Ansr.Ncu ok Tunijstkn) 

Persulphate Method.- Walters’ Method, Combined with 
Author’s Internal Indicator Scheme. — Weds’ll 1 to 2 ^:r;uns in 
GOO (*.(•. beaker. Do not use more than 1 j 2 ;ram of samj)l(‘ if 
tli(' ehromium is above 3 i)er emit. Dissolve in 100 (*.(*. IDSOi 
(7 2 per ei'iit by volume) on stovi' or hot plat (a Add 30 (;.c. 
UNO;} (1.20 sp. ^ 1 ’.) and boil ^('iitly until all brown fumes have 
been expelk'd and tim^sti'ii has Ik'couk' bright, yc'llow, if pix'sent. 
Dilute to 200 e.(‘. with dislilk'd wati'r, brinj; to boil, add 20 (^e. 
Aji;N();} solution (0 grains pc'r 1000 (*.e. wat(‘r) followi'd inline- 
diat('ly by 20 e.e. ammonium persulphati' solid ion (240 ^iHnns 
jier 1000 e.e. water); then boil f»,(‘nlly until line bubbk's are no 
longer exjielled. 

Add e.e. of a o per emit solution of HCl and boil for two 
minutes; if th(‘ solution has any trace of red color k'ft, repeat 
the dose of A per eiait IICl, and bod again (i.e., the permanganate 
pipk of the test should be destroyed with the smallest possible 
excess of IICl). C'ool in a ])an of water to room temperature, 
then titrate (without filtering off any iireeipitates) with N/20 
ferrous ammonium sulphati' and N/20 KMn 04 in the usual 
manner for ehromium and vanadium, using a 5 per eiait solu- 
tion of K’FeCNc, as an intmaial indicator in the vanadium titra- 
tion. Filtm’ off all precipitate before titrating if the manganese 
is much above .60 per cent. 

An excess of 5 per cent HCl gives low chromium results. Steels 
above O.GO per cent manganese content give intensely rial solu- 
tions, after addition of ammonium persulplrdi' and, on boiling, 
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yield chocolate-colored precipitate's of oxides of manp^anese. 
When chroniiuni is wanted the inan^raiK'se oxide precipitates, 
if not destroyed, consume ferrous ammonium sulphate' in the 
titration of chromium ^ivin^ re'suUs feu* chromium that are too 
high. 

It is safer to filter enit this mangane'se eixiele on ae-e-eiunt of 
elanger of adding teio mue*h IK'l when trying to reelissolve it. 
No elifficulty is exjie'rieneaHl in titrating chromium and vana- 
dium, without removing the tungsten by this persuljdiate me'thoel. 

The abewe methoel is substantially the method as proposed 
by H. Walters, except the use of the internal indicateir. 


Determination of Chromium and Vanadium by the Method 
OF Removing the Bulk of the Iron with Ammonia 

For determination eif small an;e)unts e)f chromium and vana- 
dium, dissolve 5 to b) grams eif ste'el in 50 c.c. 1 : 3 II2SO4, dilute 
with 50 c.c. of water, using a 000 c.e*. beaker. After action is 
over, filter off the insoluble residue, wash it about fiftei'ii times 
with dilute sulphuric acid. Call this filtrate rnd washings No. 1. 

The insoluble residue is then washed (d‘f into the original 
leaker and held for further treatment, to be described lat('r. 
It will contain much or littk^ of the (h* and V, depending on the 
total percentage of carbide's j)i*('sent. The filter paper may still 
contain a little V and C in its pores. Ash it in a porcelain 
crucible; dissolve it in a few drops of cone. IICl with heat; fume 
with 0 c.e. 1 : 1 H^SO-i to remove 1K1. Add it to (A). 

Dilute the filtrate No. 1 at once, to about 200 c.c., and add 
1 : 1 ammonia slowly with constant stirring till a black pre- 
cipitate fomis. At this stage, add drop by drop about 2 c.c. of 
ammonia in excess to assure a complete precipitation of all the 
chromium and vanadium w ith very little iron. 

Filter at once and redissolve in 50 c.c. 1 : 3 H2SO4. Wash 
paper twenty-five times wdth dilute sulphuric acid wash. Pour 
filtrate and washings into the original beaker containing the 
insoluble residue (volume at this point should not be more than 
100 C.C.). Heat beaker for a while and add 40 s.c. of 1.20 HNO3 
to oxidize all carbides (A). 

Continue to heat until any tungsten carbide present is yellow. 
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By this time vanadium and (‘hroniium will be in solution, or 
if no tungsten is present heat until all red fumes are pone and 
‘the n'sidue is white' and tloatinp. Boil a few minutes and then 
add pe'niianpnnate from a pipette a little at a time until a brown 
prt'cipitate of iranpaiu'se oxide fopns that doe's not dissolve 
aft('r twe'iity minute's’ i)e)ilmp. The beahnp with pe'rmanpanate 
lirinps tlu' e-hromium and vanaelium te) their highest stage of 
oxidation. 

loiter off the exe'ess e)f manpane'se oxiele teigether with senne 
silieam and tungsteai, if any is pre'sent. Use' a he'avy sue*tie)ii 
bottle and a peirems eTuealile (zire’onia eaueable is prefe'rred). 

Wash the re'sidue in the eTuealilc' about liftee'ii tiine-s with water 
only. Tr.insfeM' filtrate' te) ele:ui be'ake'r, veilume abemt 300 e’.ea 
Finisli as usual for e'hroniiuni aiiel vanaelium with ferrie*yaniel(' 
as an internal iiidie*ator. ^^e(' pages 7, S, 9, 10, 11, 12, anel 18- 25. 

Tlie advantage eif the' ine'theiel e)f eanirse is tei renieive the 
bulk of ii'em, thus ('iiabling the eiperateir te> take' large'r weights 
e)f sample. In this way a ste'i'l e-emtaining 0. 1 to 0.02 per rent 
C’r eir V, or both, e-an be analyze'el with just as inueh aeicuracy 
as e)ne eemtaiiiing I or 2 per ee'iit ('r, and 0.25 to 0.50 per cent 
V or higher. 

TAHLK SIIOWINC RliSlLTS OBTAINKD BY METHOD ON KNOWN 
S13*:ELS 


e 'liiDiiii'itii la-siilth ]\an!i(luim' UcmjltH 1 1,1 , 

Stool Tak('i\, (luuns. Xdiltd, , Kouiid, ] Added, | Found, j 

I’u (‘cut ; For ('out 1 For (‘out | Foi (’out 1 ^ 

i 1 ' ■ ' 


5 

3 07 

3 00 

0 043 

0 05(5 

1 (5 

10 . 

0 274 

0 278 

0 040 

0 030 

1 5 

9 

0 rH5 

0 550 

0 024 

0 020 

1 5 

10' 

None 

None 

0 115 

0 112 

0 0 

10 

None 

None 

0 070 

0 07(5 

0 0 

Cr, V, and W steel, 2 grns. 

3 03 

3 01 

83 

82 


Cr-V steel, 5 gins 

1 0(5 

1 08 

254 

244 


Cr-V .steel, 8 gms 

545 

550 

024 

033 


Cr-V steel, 5 gins 

1 03 

1 01 

0 220 

0 237 


U. 8. No. 3) Std , 3 gins 

1 37 

1 37 

0 215 

0 22 


Cr-V steel, 5 gnis 

1 00 

1 05 

0 228 i 

0 228 


24 Cr-V steel, 5 gms 

1 00 

1 03 

0 140 i 

0 142 1 


Steel, 2 gins 

I None 

None 

1 913 ■ 

1 879 

1 0 3 

Cr-V-W steel, 2 gms 

i 2 75 

! 

2 72 

3 19 : 

3 23 
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Carbon.— The higli carbon, low silicon f(M'ro-vanailiuTns 
decarbonize r('a(lily in the electric furnace with oky^eii only. 
The lower carbon grades and lii^h silicon vaiK'ties yield b(‘ttei* 
if th('y are mixed with an e(iual wcarfit of red lead,#if burned 
in the electrii* furnace, or^with four tini(‘s their weight of ted 
lead in the t(‘n-burner Bunscai combustion furnace. 

Nickel in Ferro-vanadium. Lnrge amounts of vanadyl salts 
in solution yield ammoniacal (atrat(‘s of a v(ay dark ^reen (‘olor. 
makinjj; it an impossibility to s(H' end-pomls in a cyanide and 
silv('r titration. Th(‘ nuiadic salts are free from this obji'ction; 
Dissolve 1 ^ram of the f(a*ro-vanadium in a mixture of 30 c.c. 
of 1 : .3 sulphuiic acid and tlu' sanu' (juantity of 1.20 nitric acid. 
Use a liltk' hydrothioric acid and then evafiorate to fumes with 
sulphuric acid, as already des(*rib(‘d in this chapter, if there 
should be an insoluble residue after lieatmn; with the mixial 
acids first numtioned. Ihiil the suliihuric and nitric solution, 
or the wati'r solution of the' fumed residue, with an excess of 
permanganate; tilt (a* out tlu' oxide of man^aiu'se; wash it with 
sulphuric aiad water. Neulrahze th(‘ fr(M‘ acid in the filtrate^ 
with ammonia before adding the citiic acid,^ or tlu' latter will 
reduce the vanadic to hypovanadic a(‘id a^ain. Tlum add a 
slight excess of ammonia to th(‘ ckair solution and titrate th(^ 
nickel in the rc'^ular way with cyanide and silver nitrate. (See 
(diapter IX.) If (‘oppi'r i^ pre^sent' it will interferi', and the 
H^S method ^iviai in p;ye 0 is th(‘ sim})l(‘st way to prevent 
th(' int(‘rf(T(aic(' and to obtain tlu' percentage of the latter ele- 
ment in the sanu' analysis. I{(an(/V(‘ the co])})er before adding 
the citratia 

Manganese in Chromium and Vanadium Steels. — The man- 
ganese is obtained as in sl('(‘ls, by dis.solvmg O.OoO to 0.100 grum 
of sample in 40 c.c. 1.20 nitric acid, boiling off red fumes, further 
boiling for four minutes with 1 gram of lead peroxide of a light 
brown color. Very dark browm to black-looking lead peroxide 
should be reject'd, as tlu' black-looking variety invariably gives low 
results. In the writer's ('xiK‘rience w'lth different, lots, the black- 
brown peroxide giv(‘s ri'sults from 10 to 20 jxm' cent too low. 
After boiling four minutes with the brown peroxide the solution is 

* It is still better to add nnmiotimiii eilnite made by neutralizing the 
citric acid with ammonia. This does awa> entirely with the \anadiura 
green. 
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promptly put into cool water and from tliere into cold water. 
After the exc(‘ss of lead peroxide has been allowed to settle for 
fen miniiles, or mon', if eonvenient, th(‘ ])ink solution is care- 
fully dec;\*t('d into a O-ounce Ix'aker and tilratc'd with a st:indai(l 
soliftiou of sodium arsiauti' until tlu' yniik shade is f>;one and tlu' 
slight yellow of the nitrate of iron npp(‘ars. 

Chromium |i;ives hij^h results by the process just described 
and must first be removed as follows; Dissolve 0.150 or 0 30 
gram of the chrome or chronu'-vanadiinn stiH'l in 5 (* c. of I : 3 
sulphuric acid in a 250 by 25 mm. ti'st tube, w'arming gimtly 
till action is over. Warm furtlu'r with 10 (*.('. of 1.20 nitric 
acid and boil off rial fumes. Cool to room tcanperaturi'; dilute 
to about 30 c.c. wuth waiter. Ad<l a rather thick criaim of zinc 
oxide until th(' ferric* and chromic hydrates begin to setth', 
leaving a ring of (‘lear fluid on tin* top. ('ontinue the addition 
of zinc oxide au/bea.s/// until a slight, (‘xcc'ss is jirc'scait, as shown 
by a Ifun layer of it settling to tlu* bottom of tlu* t(‘st tube. Avoid 
a large cjcc.s’.s of zinc oxide, as it will cause* an c'rror in the volu- 
metric measurements. Cool again and dilute* to the 75 c.e*. 
mark. Clejse the^ tube* wath a e*le*an riibbe*!* stop})e*r and mix the 
contents of the test thoroughly by re*])e*ateel inve'rsions of the 
tube. After the precipitate* has se*ttle*el seinu'W'hat, filter through 
a dry filter into a elry be*ake*r. Rinse a 25 e‘.e*. })ipette* thre*e^ 
time's with some of the* filtrate and the*n elehve*r 25 e‘.e*. into a 
250 by 25 mm. test tube*, aeld 15 e*.c. eef conce*ntrateMl nitric ae*iel, 
bring tei beiil, aelel leael pereixiele*, beat feiur iyinut(\s anel finish 
as in plain steels. This ])re)e*e*ss e*an be* carrie'd through in forty- 
five minutes anel is entirely ae‘e*urate* for tee*hnical analysis to 
2 per cent of manganese. 

Manganese in High Silicon Ferro-vanadium that is Par- 
tially Insoluble in Acids.— Seam* fe*rre)-vanaeliums have bea'ii 
encounterc'el that are* partially inseiluble* due* tei high siliceai, 
anel perhaps alse) te) high aluminum conte*nt,. The*se types are 
rather rare, d’o eibtain the* manganese* pre)cee*el e'xactly as 
dese;ribeel for the determination eif mangane*se in the* ceimplete 
analysis eif fcrro-aluminnm-titanium allog, page's 47-48. If 
mangane''e only is wainteel, 0.200 gram can be* taken anel fusee! 
in an iron e;ruciblc wuth a mixture of 2 grams of Na 2 (T )3 and 
1 gram of Na 202 and then proceeel exactly as elese'ribeel on 
paCges 47-48 for the alloy of silicon-aluminum-titanium. Run 
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blanks, as iron rrucihlos soinotinios contain considerable man- 
ganese. 

Sulphur. — Ferro-vanadium does not dissolve compl(‘tely in 
dilute hydrochloric ac.id so that even approximate siil 4 )hur tests 
by evolution .are not ava^Uible. To determiru^ sul{)hur in ♦low 
silicon ferro-vanadium dissolve 3 grams of samj)le in 100 c.c. 
of concentrated nitric acid in a GOO c.c. beaker. When action 
ceases add immediately 50 c.c. of concentrated hydrochloric 
acid for, in alloys containing 35 and higluT percentages of vana- 
dium, a red precipitate settles out in large quantities if hydro- 
chloric acid is not present to dissolve it. The presence of the 
red precipitate has a disadvantage. It causes the contiaits of 
the different beakers to spurt. Two grams of carbonate; of 
soda are added. The solutions are transferred to No. 0 porcelain 
dishes and evaporated to dryness. The residue is dissolved in 
100 c.c. of hydro(;hloric acid and evaporated again to dryness. 
Solution is once more effected with 50 c.c. of cone, hydrochloric 
acid followed by (waporation to a scum. Tim c.c. of (*oncen- 
trated hydrochloric acid an; employed to dissolve the scum; 
100 c.c. of water arc added; the solution is filtered; diluted to 
300 c.c. and the suljihate precipitated with barium chloride, 
using GO c.c. of a saturated solution diluted with 240 c.c. of 
water. Blank determinations are made of exactly the same 
reagents and the sulphur found is deducted.* 

One gram of highly silicious ferro-vanadium is fus(;d with 
a mixture of 20 gqims of sodium carbonate and 4 grams of jxitas- 
sium nitrate. The fusion is dis.solved in water, acidulated with 
hydrochloric ai'id, evaporated twic<‘ to dryness, taken up with 
20 c.c. of concentrated hydrochloric acid and sufficient wat(T 
to dissolve the sodium chloride, and filtered. The sulphate in 
the filtrate is precipitated with barium chloride solution. 


Determination of Aluminum in Soluble Ferro-vanadium 

Dissolve 1 gram of sample as far as possible with 1.20 nitric 
acid in a No. 5 {wrcelain dish. When all action is over, evaporate 
to dryness on a graphite bath. Ignite until all red fumes 

’ Or fii.so 1 gram with 8 grams of Na202 in an iron crucible; dissolve in 
water; acidulate with HCl, etc. 
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arc gone over a Bui^scn hiivncr, or proforahly in an electrically 
heate(t iiuitlle furnace at a low nal heat. Cool, then dissolve 
in about 20 c.c. concentrated IK'l; h(‘at until all chlorine fumes 
are Rone^ and all but the silu-a is in solution. Filter off silica, 
wj^sh it free of iron test with 1 : 40 IICl. Smoke off filter 
paper ‘in a platinum crucible; then^ increase the heat until the 
ash is free of charcoal. Add to the a.sh about 10 c.c. I IF, and 
then 5 c.c. of 1 : 1 H 2 S()t, and wlum action is ovea*, evaporate 
to thick fumes of S().{. C'ool; add watia* cautiously and heat 
until all is in clear solution. Transha* this solution to the main 
filtrate from the silica. Dilute all in an SOO c.c. Ixaiker to about 
300 c.c. Add cautiously from a simdl pona'lain spoon, sodium 
pero.xide until suffuaent of it has beiai us('d to ])r('ci[)itate all of 
the iron; and the supiaaiatant fluid is alkaline. (Ki'cp the 
cover on the' Ixaiker as much as ]x)ssibl('.) Then add 5 grams 
of NaoOu in ex(‘ess, and al.so 5 grams of Na-jCO^. Bring just 
to a boil; c(X)l; add paixa- puli) mad(‘ from ashlerns filter paper. 
Stir the pulp well through th(‘ preiapitati' of hydroxide iron, (‘tc. 
Use a ball of pulp about J inch in diameb'r, filter the mixture 
of pulp and iron hydroxid(‘ through a doubh' 12 centimeter paper. 
A small square of clu'esccloth c;i,n be foldixl in with the filter papiT 
at its ai)ex to prevent the alkaline solution from te:iring the paper. 

Wash the mixture of pulf) and hydroxide of iron with sodium 
carbonate; wash (5 grams dissolved in 500 c.c. water) about twenty 
times; stir the paper pulp during washing, bringing the bottom 
part of the mass to the top. F.ach washing to be effective must 
be thoroughly drained off Ixffore the lusxt oTie is applied. 4Tis 
filtrate and washings contain the bulk of V and Al. Add to it 
slowly from a bun'ttc 1:1 IIUl with (‘oust; nt stirring until 
the solution no longer turns lurmerie; papea* (wem a faint brown 
but still reacts alkaline to litmus paper. AI(()Na)3+3HCI = 
3Na(4-hAl(()II)3. 

If considerable aluminum liydroxide separates out at this 
point, then the iron and pulp residiK; from the first peroxidation 
must be dissolved off in hot 1 : I HUl and thoroughly washed 
with 1 : 40 IlCl. This filtrate and washings are peroxidized 
as before, using 5 grams peroxide and 5 grams of carbonate in 
excess, brought to a boil, cooled, filtered, and washed with car- 
bonate water. The alkaline filtrate and washings are made neu- 
tral to turmeric paper and still slightly alkaline to litmus paper. 
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If very little aluniinuin separates out at this stage, that 
is, only a slight cloudiness occurs, then the third peroxklation 
of iron is not nec^ossary. The aluininuni hydroxide from the 
first and second ]K'roxidations are filtered through t^e same 
double 9 or 12 centimeter filter, size of paper depending on f^e 
amount of precipitate. 

Wash this mixtuni of aluminum hydroxide and paper pulp 
with ammonium nitrate wash (5 grams ammonium nitrate, 
1 gram in 50 c (;. of water) about thirty or forty times, upsetting 
pidj) ea(*h time). Dissolve this ])reci{)itate of aluminum away 
from the j)ulp with hot 1 : 1 IK’l, using about 30 c.c. of the acid. 
Pour the hot acid ba(*k and forth ov(‘r the pulp, stirring same 
up well ('ach time with a thin glass rod, then wash it about twenty- 
five tim(‘s with I : 30 IICl, and then free of chlorine test to silver 
nitrat(‘ with wat(‘r alone. 

Have this tilbn* pap(‘r and pulp to burn with the AI 2 O 3 +V 2 O 5 
obtained in tlu' maniK'r to be d('scrib(‘d, as it may still contain 
a little aluminum undissolved. Tliis solution and washings 
from the pulp will contain th(‘ aluminum, and also a little vanadium 
and phosphorus. Heat this solution and washings to nearly 
boiling, adding a slight excess of ammonia and boil until ammonia 
smell is very faint. Ten or twenty minutes’ boiling is sufficient, 
if but a slight excess of ammonia was added in the first place. 

The aluminum hydroxides precipitate should now be free of 
occluded salts; mix it with paper pulp; filter; wash with ammonia 
nitrate water as before. Place the washed filter containing 
the A1(0H)3 and pulp, after same has been well drained jn a 
platinum ci’iicible; smoke off the paper; add to it the filter paper 
and pulp from which the crude aluminum hydroxide was previously 
dissolved and which as stated may contain a little aluminum. 
When the smoke is all gone, raise the heat sufficiently to obtain 
a yellowish white residue. Al 203 +p 20 r>d-a little V 205 +a little 
silica, the latter coming from the vessels used and from the filter 
ash. This residue is blasted mildly to constant weight, evap- 
orated with about 6 c.c. of HF plus 5 or 6 drops 1 : 1 of sulph- 
uric acid; evaporate to thick fumes. Drive off excess of SO 3 ; 
ignite to bright red and weigh. This weight gives the AbOa+a 
little V 205 -fp 2 ()r,. To correct for the V 2 O 5 fuse the residue of 
oxides with twenty times its weight of sodium carbonate in a 
platinum crucible. Dissolve the fusion out in water; clean the 



IRON, SILICON, SULPHUR, MANOANUSL 


37 


crucible by heating; in it a little dilute sulphuric acid. Add 
cleanings to the water extraction of the fusion which has niean- 
• while been made acid with II2SO4. Reduce the volume to about 
150 c.c.,«then dilute the volume to exactly 200 c.c.; mix well, 
measure out 100 c.c.; boil this #00 c.c. with an (‘xcess of 
KMn 04 and detemiine the vanadium in the solut ion as in steel. 
Calculate to V2O5. 

The other 100 c.c. of Al 203 + P20:,-f VjOr, .solution is precipi- 
tated with a slight excess of ammonia; filtered; washed about 
twenty times with ammonium nitrate wash; dissolved oft* with 
hot HCl; washed with 1 : 40 IICl; this filtrate and washings are 
evaporated low; then converted to nitric* by evaporating to 
10 c.c. after adding 75 c.c. of cone. IlNOj; tluai finished for 
phosphorus, as in high vanadium stec'I, using the ammoniacal 
water solution of ammonium molybdate. Calculate the milli- 
grams found to P 2 O 5 by multiplying by the factor 2.2880, 
deduct twice the milligram of VoQr, found as descrilH'd plus twice 
the milligram of P 2 O 5 found from the total Al 203 + P 20 r, and 
V 2 O 5 and calculate the remainder to percentage of Al by use 
of the factor 53.033 and dividing by weight taken. 

Iron Determination Using the Hydroxide from whk h the 
Aluminum and Vanadium IIa\'e Reen Latracted by 
Peroxidation 

Get the sample in solution and remove all of the vanadium in 
the same manner as described for Al in the cietemnination of the 
Al in soluble ferro-vanadium, pages 34-35. The V passing out 
with the Al. It may take as many as three jieroxidations to 
remove all of the V. The vanadium-free hydroxides of iron is 
then converted into sulphate, and pessed through the reductor and 
titrated with standard KMn 04 as in iron ore. See pages 3G5-3()G. 

The* Determination of Al, Fe, Mn, Si, and V m Partially 
Soluble Ferro-vanadium 

Very high silicon and aluminum ferro-vanadiums are only 
partially soluble in nitric-hydrochloric mixtures. IIF must be 
used except when S, Si, and P are wanted; for these three 
elements a fusion is necessaiy. 

Silicon, Manganese, Sulphur, and Vanadium.— Fuse 1 gram 
of .the finely ground alloy in a mixture of 10 grams of Na 2 (X )3 
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plus 5 grains of Na2()2 in an iron crucible in the siiino ^vay as 
described for ferro-titaniiiin (see pages 47-48), getting th^ 
silicon, sulphur, and manganese exactly as described for the 
Si-Al"Ti-Fe alloy. Also aliquot parts of the total litA’ filtrate 
and washings from the silion can be used for V by conyertmg 
aliquot parts to nitrates or sulphates; then boiling with a slight 
excess of [lennanganate and finishing the V from this point on 
as in soluble ferro-vanadiuni. Run blanks including all chemicals 
and all operations, deducting the same. 

Iron, Aluminum, and Manganese. — Dissolve 1 gram of the 
finely ground {illoy in IIF plus lT2S()i jilus IINOa exactly as 
giv(m for the Fe-Ti-Al-Si alloy (i)agc 4t)), fuming to sulphates. 
Use alicpiot parts of the liter solution for A1 and Fe by per- 
oxidi/ing the same in tlu' manner as described for the vanadium 
alloy (see pages 35-37). Correct the Al for V20r), P2O5, and 
Si02 in the manner given on page 37 for Al in soluble ferro- 
vanadium. Run blanks and known mixtures covering all opera- 
tions. 

Phosphorus.— Proceed by fusion as described on page 53 
for Ti-Al-Si-Fe alloy up to the point whore the solution of the 
hydroxides is evaporated to 15 c.c. with 100 c.c. of cone. 11 X 03 . 
Filter out the vanadic acid that separates out hero; wash it 
with cone, nitric acid and finish tlie analysis in the manner given 
for feiTO-vanadium on pages 4 1-45. 

Nickel and Copper in the High Silicon Ferro- vanadium. — 
Dissolve the alloy Ly the HF plus 112^04 plus HNOa method 
(sec pages 74-75), converting all to sulphates as described and 
finish by removing the C’u by II^S; evaporate the filtrate and 
washings to 100 c.c.; add a few crystals of potassium chlorate; 
evaporate to fumes; take up in water, heating to dissolve all the 
sulphates; and finish for Ni by the cyanide method as in steel. 
Also the ferricyanide method given on pages 205-212 can, be 
used to advantage when very small per cents of the elements 
are present. 

The Determination of Iron and Vanadium in the Same 
Operation dy Reduction with IDS 

The writer has used the plan of dissolving the ferro in .sul- 
phuric and nitric acids, with a little hydrofluoric acid if necessar^u 
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Evaporation to finnos and solution in water are the next steps. 
The vanadium and iron are then redueed with hydroj^en sulphide, 
the solution is filtered,* hydrojicm suljihide is removed with 
CO 2 , an^l permanfj;anate of potash standard is added until a 
pitik is obtained or an old rose sht^le, that doei^ not fade per- 
eeptibfy after one minute’s stirring::. 2.5 e.e. of ferricyanide 
indicator are now dropped m, and a ferrous ammonium sulphate 
standard, 1 c.c. of whi(‘h ecpials 1 c.c. of the permanjijanate, 
is added until three drops of this standard (*ause the lijj;ht blue 
of the vanadyl solution to darkcai with the blue of the ferri- 
cyanide of iron. Tlu' number of c c. of perman^^anate used 
to ])roduce the old ros(' shade k'ss the numlier of c.c. of sulphate 
recpiired ecpials the number of c.(‘. of permanganate used to 
oxidize the iron, which number multipluMl by 0. 00550 ^ives 
the amount of iron in parts of a ^ram. The number of c.c. 
of sulphate used to ])roduce a darkiuied blue, multiplied by 
0.00508 (provided th(' sulphate (*\actly (npials the perman- 
ganat(0, equals the numlxM' of grams or p.arts of a gram of vana- 
dium present. (d.lO grams KMnOt in one lifer.) 

The iron residue from carbonate and nitiT fusions may 
be firoceeded with for the estimation of the latter metal in this 
way: After removing th(‘ platinum, copper, etc., from the 
hydrochloric acitl solution of (he iron oxid(‘ by hydrogen sul- 
phide, evaporate the filtrate and washings from the sulphides 
with a small excess of pobissium (*hlorate. Remove the hydro- 
chloric acid by eva])oration to thick fumes with (iO c.(‘. of 1 : 1 
sulphuric acitl. Add water; dissolve by heating; reduce with 
metallic zinc; and titrate with standard permanganate for iron. 

Copper. — If copper is present to any appretaable extent, as 
shown by the clouding with the ferricyanide indicator, it can 
readily be separated by hydrogen sulphide, [)assing the latter 
gas through the sulphatt* solution obtained by dissolving the 
saihplc in nitro-sulphuric acid, using a little hydrofluoric acid 
if much silicon be present, evaporating to fumes of sulphuric 
acid and dissolving in boiling water to hasten solution. (Copper 
can also be easily and quickly separated from this sulphate 

* Immcdiatoly after filtering out the .sul|diidcs, pass H^S, again, for thirty 
minutes to reduee any iron that may have heeome oxidized during the filtra- 
tion and washing of any metallic sulphides that may have formed. Then 
pass COv to remove the excess of H2S as above. 
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solution by neutralizing most of the free acid and precipitating 
the copper with an excess of potassium thiocyanate and sub 
phurous acid.) (Also sec the author’s ferricyanide separation.) 
The sulphide of copper is filtered, washed with hydrpgcn sul- 
phide water, roasted free o^ paper in a porcelain crucible, dis- 
solved in 1.20 nitric acid, aiuf filtered from any insoluble sulphides 
or alumina. The filtrate and washings are made slightly alkaline 
with sodium carbonate water; 1 c.c. of ammonia is added and 
the solution titrated to di.sappearance of a blue with potassium 
cyanid(i standardized against 99.8 per cent metallic copper in 
the same manner. 

Molybdenum. — Molybdenum is separated exactly as the 
cojiper with hydrogen sulphide in slightly acid solution. The 
brown sidiihide is roasted at a low heat in a porcelain crucible 
to a white or a l)luish white residue (unless dark-colored oxides 
ar(' present) ; then finish the d(‘termination exactly as describ('d 
for molybdenum in steel (see page lofi) by weighing the white 
to bluish whi((‘ residue as ci’ude Mo():^ Dissolve this MoO,} 
in ammonia by warming it. Filter out the insoluble; wash 
it with ammonia water that has been filtered free of any 
impurities. Ignite the ammonia insoluble; wTigh it; deduct its 
weight from th(‘ criid(' MoO^. If the ammonia solution is blue, 
then copper is pn'sent. Th(i ammonia solution must be nearly 
iKMitralized with nitri(‘ acid until it smells faintly but distinctly 
of ammonia. This blue solution can then be titrated with a 
standard KC'N solution sloivly, and with constant stirring, to 
the disappearance oi* the blue, as in steel. The copper so found 
is calculated to (\iO and’d(‘(lucted from the weight of the crude 
M0O3 after first deducting the weight of the ammonia insoluble. 
Tlie weight rcanaining after these two deductions equals the 
pure M0O3, winch is reduced to metal by the use of the factor 
0 . 6 () 66 . 

The molybdenum sulphide must be burned off at the lowest 
possible heat, just below redness until the volatile matter is 
gone. Then the heat is raised cautiously to faintest possible 
red and maintained at this heat until the residue of crude M0O3 
is free of carbon from the filter paper. This is a most satis- 
factory method for weighing molybdenum for all percentages. 
The writer has used it for years. 



COPPKR AND MOLYBDENUM 


39 


Evaporation to finnos and solution in water are the next steps. 
The vanadium and iron are then redueed with hydroj^en sulphide, 
the solution is filtered,* hydrojicm suljihide is removed with 
CO 2 , an^l permanfj;anate of potash standard is added until a 
pitik is obtained or an old rose sht^le, that doei^ not fade per- 
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of the vanadyl solution to darkcai with the blue of the ferri- 
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oxidize the iron, which number multipluMl by 0. 00550 ^ives 
the amount of iron in parts of a ^ram. The number of c.c. 
of sulphate used to ])roduce a darkiuied blue, multiplied by 
0.00508 (provided th(' sulphate (*\actly (npials the perman- 
ganat(0, equals the numlxM' of grams or p.arts of a gram of vana- 
dium present. (d.lO grams KMnOt in one lifer.) 

The iron residue from carbonate and nitiT fusions may 
be firoceeded with for the estimation of the latter metal in this 
way: After removing th(‘ platinum, copper, etc., from the 
hydrochloric acitl solution of (he iron oxid(‘ by hydrogen sul- 
phide, evaporate the filtrate and washings from the sulphides 
with a small excess of pobissium (*hlorate. Remove the hydro- 
chloric acid by eva])oration to thick fumes with (iO c.(‘. of 1 : 1 
sulphuric acitl. Add water; dissolve by heating; reduce with 
metallic zinc; and titrate with standard permanganate for iron. 

Copper. — If copper is present to any appretaable extent, as 
shown by the clouding with the ferricyanide indicator, it can 
readily be separated by hydrogen sulphide, [)assing the latter 
gas through the sulphatt* solution obtained by dissolving the 
saihplc in nitro-sulphuric acid, using a little hydrofluoric acid 
if much silicon be present, evaporating to fumes of sulphuric 
acid and dissolving in boiling water to hasten solution. (Copper 
can also be easily and quickly separated from this sulphate 

* Immcdiatoly after filtering out the .sul|diidcs, pass H^S, again, for thirty 
minutes to reduee any iron that may have heeome oxidized during the filtra- 
tion and washing of any metallic sulphides that may have formed. Then 
pass COv to remove the excess of H2S as above. 
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Pliiro filter cuiit;iinin|i^ washed precipitate in 150 q.c. beaker; 
add enough standard NaOH solution to cause the yellow color 
of the i)rccipitate to disapi)car on macerating the paper to a pulp 
with a rubber-tipped stirring-rod. DiluUi to about 30 f;.c. with 
distilled water; add a drop of phcnolphthalein solution,^ which 
should cause a deep red coloration, otherwise more standard 
NaOH solution is needed; then titrate back carefully with 
standard HNOa solution until the pink just disapi)ears. Sub- 
tract total c.c. of acid used from total c.c. of alkali used. The 
difference in c.c. XO.Ol = precentage P. 

TABLE I -SHOWING EFFECT OF INCREASING AMOUNTS OF 
NITRIC ACID (1.42 Sp. Gk.) ON FIIOSFHORUS RECOVERY 


Vanadium 

Add 0(1, 

Por Ckuit 

l.-jcr HNBh 
Addod, 

P Found 

.1(1 0 0 lINOj 
\d(l(d. 

1 1* Found 

40 (• 0 lIN'Os 1 
\ddod, 1 

1 P Found 

f)0cr 11 X (>3 

1 Ad(kd, 

P FouihI 



fO 121 

0 121 i 


None 

0.121 

lo 122 

0 120 1 

0 121 

0 20 

0 110 

0 121 

0 121 


0 40 

0 114 

0 118 

0 121 


0 GO 

0 111 

0 117 

0 120 


0 80 

0 110 

0 IIG 

0 121 


1 00 

0 no 

0 115 

0 120 

0 no 

1 40 

0 no 

0 112 

0 121 

0 122 

1.80 

0 105 

0 112 

0 no 

0 121 

2.20 

0 009 

0 111 

0 no 

0 120 

2. GO 

0.003 

0 108 

0 117 

0 117 


* This work was done with 1 G3 g samples of U S Bureau of Standards, 0 120 P stand- 
ard, 106, 


Remarks.— The tests with the higher vanadium content 
were more tardy in precipitating than tlu^ lower ones, though 
all settled well after forty minutes’ standing. Those to which 
15 c.c. cone. HNO 3 were added gave deep-orange pretdpitates, 
darkening in color about in proportion to the vanadium content, 
clinging tightly to the stirring rods and beakers. The three 
highest vanadiums are lower in yield of phosphorus than the 
preceding ones because of the impossibility of detaching the 
adhering precipitate from the stirring rods. 

Those with 30 c.c. cone. HNO 3 were an improvement in 
speed of precipitation, color of precipitate, and cleaning from 
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beakers^ and rods. Those with 40 c.e. and 50 c.c. showed the 
best eOiOred precipitates, i.e., nearest the nonnal yellow phos- 
phoaiolybdate color and gave water-white washings, from which 
no r(*c*ov(‘fies of fihosphoriis w(‘re made. The 50 c.c. ones were a 
littfe promjiter than the 40 (‘.c. though both sets were a vast 
improvement over the 15 c.(‘. and 30 c.c., and both cleaned very 
easily from beakers and rods and gav(' good n'snlts. 

Th ^ precipitate from the 15 cone. HNOa in particular 
seemed to be fiiK'ly dividi'd and passial through the pores of 
the filter, necessitating repnaapitation of the washings in all 
those of higher vanadium (‘ontimt. 

The vanadium was addial as nitrate from an acid solution 
made as follows: Fuse 4.5 grams XTfh, (5t). 14 ])<‘r (*ent V) with 
. 10 grams Na^CO^ in a platinum crucibh' for ten to fifteen minutes. 
Let cool; place' in a 400 c.c. bc'ake'r; add 10 (‘.c. water; then 
(1.20 s}). gr.) until ('fh'rve'sce'nce ee'ase's and 25 c.c. in 
excess. Rinse' off (*rucil)l(' thoroughly with distilled water; 
cool solution to room tempe'ratun'; transfer to 500 c.c. flask; 
dilute to the mark with water; stojipe'r, and shaken to mix thor- 
oughly. 1 c.c. =0.00505 grams V. 1 pe'i* cent V in 1.G3 grams 
sample = 3.25 c.c. solution. 

The vanadium was added after the R'sts were weighed and 
before the 45 c.c. HNOa (1.13 sp. gr.) were adde'd. The vana- 
dium was, in each instance', re'diK'cd from yelleiw to gre^en, ehie 
to the action of the re'ducing gases libe'rate'd by the reaction 
between the acid and the stea'l. The 40 to i50 c.c. cone, nitric 
added just before removing from the fire eaiuseMl the yellow 
vanadic color tei re'turn. 

Solutions Required , — Nitric Acid for 75 /ratmr/. — Dilute 35.4 
c.c. HN0;3 (1.42 sp. gr.) to 4000 c.c. with distilk'el water. 

Stock Solution of Sodium Jli/droxide . — Dissolve 150 grams 
NaOJI (c. p. sticks) and 1 gram Ba(OH )2 in 1000 c.c. water. 
Stir well and allow to stand twe'iity-four hours. Filter off the 
clear solution (or decant if preferable) and dilute with an equal 
volume of distilled water. Put into a 2-liter bottle and close 
with a rubber stopper. 

Sodium Hydroxide Solution for Titrating . — Dilute 566 c.c. 
stock solution to 8000 c.c. with distilled water. 

Ferrous Sulphate Dissolve 55 grams steel (low in 

phosphorus and sulphur) in 1000 c.c. beaker in 700 c.c. H 2 SO 4 
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(1 : 3). Add a little water occasionally to prevent salthig out, 
and heat gently, but do not boil. Filter, cool, and dilute to 
1000 c.c. 

Concentrated Potasmwi Permanganate Solution. — dissolve 50 
grams KMn()4 in 1000 c.e\ water. 

Nitrate Wa.^h. — Dissolve 8 grams KNO.'j in 8000 c.c. water. 

Acid Ifr/.s/i. — Dilute 102.4 c.c. HNO.3 (1.42 sp. gr.) to 8000 c.c. 
with water. 

Faintly A mmonincal Water Solution of Ammonium Molybdate. 
— Into each of four 800 c.c. cassiToles weigh 55 grams ammo- 
nium molyi)datc and 50 grams ammonium nitrate, and add 
40 c.c. ammonium hydroxide (0.95 sp. gr.). Dilute each to 
700 v.e. with water. Heat for about thirty minutes, stirring 
once in a while until all salts are in solution. Combine contents 
of the four Ix'akers by pouring into a larg(‘ bottle; tluai dilute 
to 4000 (M‘. with water. L('t stand overnight. I^’ilter the 
insoluble material through double 15 cm. papers. Do not wash. 
The (‘lear solution thus obtained should remain clear indefinitely. 
Do not filt('r out the insoluble material until the total mixture 
from the four cassiToles has stood overnight diluted to 4000 c.c. 

IL Method for Phosphorus in U. S. Standard Steels and 
Pig Irons to Which Have Been Added 28 Per Cent Vanadium 
and in Ferro-vanadium Containing 66.7 Per Cent Vanadium. — 
Procedure.—Woi^h out 0.5 gram steel and 0.5 gram V2O.5 (56.14 
per cent V). Transfer to 250 c.c. porcelain dish. Digest with a 
mixture of 30 c.c. MCI (1.20 sp. gr.) and 30 c.c. HNO3 (1.42 sp. gr.) 
for about one hour; then rinse off cover, add 100 c.c. HNOa 
(1.42 s|). gr.), and take to dryness. Bake five minutes at 750° C. 
in an electric muffle furnace. 

Dissolve the oxides in 35 c.(^. cone. HCl, evaporate to 10 c.c.; 
add 50 c.c. HNOa (1.42 sp. gr.), take to 10 c.c. volume, then 
add 10 c.c. more strong nitric and heat a while with cover glass 
on. Filter through a platinum or porcelain Gooch crucible with a 
thin pad of acid-washed asbestos, using suction. Wash fifteen 
times, using the following wash: 200 c.c. HNOs (1.42 sp. gr.), 
100 c.c. water, and 20 grams Fe(N03)3. (Ferric nitrate made 
by dissolving 5 grams low phosphorus, melting bar steel in 50 c.c. 
HCl (1 : 1) and taking to syrupiness twice with 50 c.c. HNO3 
(1.42 sp. gr.) each time.) 

Concentrate the filtrate from the separated V 2 O 5 to 10. c.c. 
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in 150 c.c. beaker and filter out the second crop of vanadium 
“rust’’ As be'fore. A third concentration to 10 c.c. should show 
no “rust” (¥ 205 ). 

To thc^ third concentration add 40 c.c. HNO^ (1.42 s{). j^r.), 
ancUbrinj!; to a boil; rinse cover and sidles with water and precipi- 
tate witrli 50 c.c. of the faintly anunoniacal anunoniinn molyb- 
date solution. Stir vigorously for about two minutes. Let 
stand one hour; filter and wash as described for steels con- 
taining up to 2.0 per cent V. Titrate with alkali and acid in 
the usual manner. 


TABLE II-UESUi;rS OirfAIXE!) THIS METHOD ON 

E S STANDARDS 


No 

Standsud 

Vd)s 

N.ldr.l, 

i Mk 



l’<*r ('f'lif P 
(Jiv('ii hy 
r S (!ovt 

1 

Iron D, {)(i VA)i 

.^)(K) 

0 

622 

0 520 

2 

Iron D, ()h VjO^ 

r)(M) 

0 

631 

0 531 

3 

106 VjO, 

.'■>00 

i 0 

124 

0 120 

4 

106 V,()i 

(iOO 

, 0 

115 

0 120 

5 

No. 20St(l V ,()5 

otK) 

1 0 

033 

0 031 

6 

No. 20 Std. VA)o 

(iOO 


033 

0 031 

In 

found 

the al)ov(‘ procedure an 
in the V 2 O 5 add(‘d. 

av(‘rag(‘ of 0.007 

per c( 

ait P was 


TABLE III— RHOSPHORES IN FERRO-VAXADI (Jm, 50 7 PER CENT 
VANADIUM 


Author's Method by lle- 
nioval of about j of 
VjOi and Pptn with 
faintly Amnioniacal 
Animoniuni Molyb- 
date Solution 

V;<)t rediK-ed withi 
KeSOi and 1 1 ,>.S( h 
Pj)tn with A(id 
Aiolybdate Solu- 
tion No V' re- 
moved 1 

\eid Molybdate Pp( n 
No extia MNOi 
added No \' re- 

iiio\ ed 

Faintlv Amnioniacal 
Ammonium Molyb- 
date Ppin plus 40 
re JIN( >3 ( 1 42 Bp. 
gr ) NoV removed. 

Per Cent P 

IVr Cent P i 

Per Cent P 

Per C:ent P 

0 414 

0 240 

0 05;i 

0.185 

0 418 1 

0 232 

[ 0 108 

0 183 

0 397 

0 235 



0 401 

0 228 





0 234 




0 2(K) 




0 220 
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Silicon. — For silicon dissolve 1 gram of the finely ground ferro 
in 50 c.c. 1.20 nitric acid. Add 30 c.c. 1 : 3 sulphuric licid and 
evaporate to fumes. Dissolve the sulphates in water, heatirtg 
until all but silicic acid is in solution. Filter, ^ash with 
dilute hydrochloric, then^ with water. Ignite and weigh as 
usual. If the sample contains much silicon and does riot yield 
to the nitric acid, filter out the insoluble residue; wash it first 
with hydrochloric acid and then with water; roast off the paper 
in a platinum crucible. Fuse the residue with twenty times its 
weight of sodium carbonate plus J its weight of i)otassium nitrate. 
Dissolve the melt with water. Acidulate it with hy(lro(‘hloric 
acid and add the clear solution to the portion dissolved by the 
nitric acid, and evaporate all to fumes with 30 c.c. of 1 : 3 sul- 
phuric acid, and finish as in low silicon ferro-vanadium. 



CIIAI^TER III 

THE ANALYSIS OF FERRO-ALUMINUM - SILICON - TITANIUM, OF 
NEARLY SOLUBLE FERRO-TITANIUM, AND TITANIUM STEEL 

Ferro- Aluminum-Silicon-Titanium. — Fuse 1 gram of the finely 
ground metal with a mixtun* of 10 grams of Na 2()2 phis 5 
graiiis of Na 2 (X )3 in a covered iron crucible. Apply low heat 
until the substance is thoroughly lirpiid. Keej) molten about 
two or three minutes at a dull red heat. The best dimensions 
for the iron crucible are 2 ] inches top dianuder by 1 } inches 
bottom diameter by 1 ] inches high. Dissolve the fusion out in 
water; washing same into a di.sh or ca.s.serole. Acidulate the 
fusion with HCl; heat until all action is over, with the cover on 
the casserole. Remov(! covct; rinse under side of same off into 
dish; evaporate to dryn(\ss. Dissolve' the dry residue in dish by 
warming it with about dO c.c. 1 : 1 IIFl; then heat further after 
adding about 75 c.c. of distilled water; (*ool; add paper pulp 
about -2 inch to } inch ball; stir pulp in well; filter; wash fre(' of 
iron test with 1 : 40 HCl, then with water until free of chlorine 
test to .silver nitrate. * 

Smoke off the filter [)ai)er, etc., until ash is whiter in a 20 c.c. 
to 25 c.c. platinum crm^iblc. Apply the heat cautiously, finally 
raise it to low red; then blast slowly to constant weight, cool; 
add, a little at a time, to the crucible, 15 c.c. HF; then 2 c.c. of 
cone. H 2 SO 4 ; evaporate to thick fumes; heat to a dull red and 
weigh.. The difference between this last weight and the weight 
after blasting to constant weight equals silica, which is calcu- 
lated to percentage of silicon by use of the factor 46.93. 

The residue in the crucible after HF evaporation may contain 
some aluminum and titanium. It should be fused with twenty 
times its weight of NaiCOa at a bright red heat for twenty or 
thirty minutes; dissolved out in water; the crucible is cleaned 
by. warming in it some 1 : 1 HCl; wash these cleanings of the 
crucible into a small beaker together with the water solution 
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of the fusion; add to this about 20 c.c. of 1 : 1 H.CI jgid heat 
till all is in solution. 

Silicon. — Add this solution to the main filtrate from the 
silica; this main filtrate is now evaporated again tb dryness, 
if it is desired to get the hast traces of silica. This la^t silica 
should be treated exactly like the first main silica. The loss of 
weight obtained from the second small silica residue from this 
second evaporation plus the loss of weight obtained from the 
first main silica equals the total silica. This is caFculatcd to 
silicon by use of the factor 40.93. The? final filtrate and wash- 
ings from the second (‘vaporation made to get out the last traces 
of silica combined with cleanings from both evaporations with 
HF and H 2 SO 4 will contain the total phosphorus, sulphur, tita- 
nium, aluminum, and manganese, also copper or nickel if any 
are present in the alloy. 

Manganese. — Dilute the solution containing the total Al, 
Ti, P, and Mn to 1 liter. Mix well; rinse a 100 c.c. burette 
several times with 5 c.c. portions of this solution; then fill the 
burette with it and measure off with this burette a 100 c.c. and a 
50 c.c. portion. It is very important that the liter fiask be cali- 
brated with the same burette. Make sure that the 100 c.c. 
burette delivered ten times with distilled water into the dry 
liter flask, fills it exactly to the mark at room temperature. If 
the burette does not agree with the liter mark, the flask should 
be marked at a point where it does agree with the burette. 
Evaporate the two aliquot parts to thick fumes with 20 c.c. of 
1 : 3 sulphuric acid. Redissolve by heating with 10 c c. of water. 
Rinse out this solution into a ;nanganese tube; add 15 c.c. of 
cone, nitric acid and dilute to 35 to 40 c.c. with water. Finish 
for manganese as in plain steel. If the manganese by this method 
is found to exceed the 3 per cent it will be better to run new 
50 to 100 c.c. portions. Remove the iron with zinc oxide and 
finish in the manner described for 10 to 15 per cent manganese 
steels. See pages 345-346. 

Sulphur. — Measure off with the same burette 500 c.c. of the 
liter solution: precipitate the titanium, iron, and aluminum in 
hot solution with a slight excess of ammonium. Filter and wash 
the hydroxides of titanium, aluminum, and iron thoroughly 
with water. Filtrate and washings contain total sulphur from 
J gram of sample; add 10 c.c. excess of cone. HCl to 400 c.c. 
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volume and precipitate the sulphur with BaCti. Finish as in 
sulphur *in steel. The precii)itate of aluminum, titanium, and 
ifdn hydroxide can Ix' used for titanium and aluminum by sepa- 
rating the® titanium and iron from the nluiniiium by several 
peroKidations. . ^ 

Titanium and Aluminum. — The iron and titanium after being 
freed from aluminum by several peroxidations can be dissolved 
in HCl and evaporated to fumes with taken up again 

in water and H 2 S ()4 by heating; and inadi' nearly neutral with 
ammonia. The titanium is then precipitated with sodium 
thiosulphate in the manner to be descrilxMl later. 

However, as these hydroxides contain much iron from the 
iron crucible in which the peroxidi' fusion was made, it is Ix'tter 
to start with a 1-gram portion of the alloy in a covi'red platinum 
dish as follows: Add 10 c.c. HF cone, with covin’ on, wann in a 
good draught; remove from heat; add a few drops of cone, 
nitric; when action ceases, continiK' to add cone, nitric until 
a total of 5 c.c. of cone, nitric hav(' been used. Whim action 
is over, remove lid; wash undin- surface of sam(‘ olT into dish; 
add 10 c.c. of cone, sulphurii* acid; evaporat(‘ to thick fumes; 
take up in 30 c.c. 1 : 1 H 2 S()i; heat until all is in ck'ar solution, 
adding a little water if nei’essary to dissolve the sulphate of iron. 
Black or insoluble residue such as graphite does not need to 
be recovered. 

Transfer to an 800 c.c. beaker, dilute to 350 c.c., add Na202 
until solution is alkaline, keei)ing coveriHl as jnuch as i)ossible. 
Then add 5 grams of sodium peroxide and 5 grams of Na 2 Co 3 
in excess. Bring just to a boil; cool; fdter; wash with sodium 
carbonate wash (5 grams to 500 c.c. water); wash about forty 
times, upsetting paper pul{) and precipitati* with each washing. 

The alkaline filtrate and washings are titrated with 1 : 1 
HCl, until the solution is neutral to turmeric and still slightly 
alkaline to litmus paper. If much precipitate of aluminum 
separates out, the iron, titaniuin, etc., hydroxides on the filter 
must be redissolved in 30 c.c. hot I : 1 HCl, filtered; pulp washed 
(pulp and filter paper saved), reperoxidize the solution of the 
hydroxides as before. The alkaline filtrate and washings are 
neutralized as before; if only a slight cloud of Al(OH)3 is obtained 
after several hours’ standing, then no further peroxidations are 
necessary. The Al(OH )3 precipitates from the various per- 
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oxidations and neutralizations are each washed about twenty- 
five times with ammonium nitrate (5 grams dissolved iil 500 c.c. 
water). These hydroxides of aluminum arc redis.solved in hot 
1 : 1 HCl; filter and pulp thoroughly washed with w,ater. This 
pulp and filter paper are ^^aved to burn with the main Al, wliich 
is now precipitated from the above Al solutions of the crude 
A 1 ( 0 H) 3 . This is done by adding a faint excess of ammonium 
to the Al solution. Boil a few minutes; cool; and filter, after 
adding paper pulp; wash free of chlorine in the manner described 
as before with ammonium nitrate. 

Smoke off the mixture pulp and Al(OH )3 in a 25 c.c. to 
30-c.c. crucible together with the filter papers and pulps from 
whi'ch the crude Al(OH )3 was dissolved. 

When the residue is white, blast it to constant weight as 
AI2O3 and a little Si() 2 . No phosphorus should b(', present in 
this, as the alloy was dissolved in hydrotluorii^ acid. Remove 
the small amount of silicon by evaporating to thick fumes with 
6 c.c. 1 : 3 sulphuric acid plus (> c.c. of HF; drive off cautiously 
the excess of H 2 S() 4 ; ignite to constant weight as pure AI 2 O 3 , 
which, multiplied by 53.033, gives percentage of Al when 1 gram 
is taken. 

The iron and titanium hydroxides left on the filter after the 
last peroxidation to remove Al arc dissolved off as far as possible 
with hot 1 : 1 HCl, filter paper and pulp are then washed thor- 
oughly with water: hold this filtrate and washings as the main 
iron and titanium solution. The paper and pulp together with 
each of the filter papers and pulps from which the iron and 
titanium hydroxides were dis.solved off before each previous 
peroxidation are smoked off together in a platinum crucible at 
a low red heat until all paper is removed. Weigh the ash. If 
it weighs more than a milligram, fuse it with twenty times its 
weight of Na 2 C 03 at a bright red heat for twenty to thirty 
minutes; dissolve out the melt in water by heating; filter’; wash 
with Na 2 C 03 water. Acidulate the filtrate and washings with HCl ; 
boil off most of the CO 2 ; make slightly alkaline with ammonia; 
heat; if any v/hite hydroxide separates out, calculate it to Al 
and add it to the main aluminum already found. The residue 
which was filtered out of the water solution of the sodium car- 
bonate fusion just mentioned, and then washed with sodium 
carbonate water, may contain some Fe and Ti. 
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To make sure of getting this Ti in solution, it is safest to burn 
the filter containing the small amount of and Ti to an ash. 
’ Again fuse the ash with twiaity times its weight of Na2C03 for 
thirty mfnutes at a bright red heat. Dissolve the fusion out of 
thlj crucible with hot water and tranter it to a beaker; make the 
solution of tin; fusion just acid with llUl; evaporate it if necessary 
to 30 c.c. ; add 20 c.c. cone. H(d; boil slowly for twenty minutes 
to make sure the titanium is all dissolved; filter out any in- 
soluble matter. If any insolulile matter be found, it must bo 
filt(‘red out; washed; ignited and wiaghed; evaporated with 
3 c.(\ I : 3 II2SO1 and 0 c.c. IIF; ignited and weighed again. 
Any loss of weight equals silica, from this silica deduct any 
similar silica found in th(‘ blank, calculati; the remainder as p.art 
of the silicon found in the sample. If any appreciable n'sidue 
remains in the crucible after th(‘ above proceduri', its weight 
less any similar wiMght found in the blank must be cahailaU'd 
to Ti and addinl to the total Ti found in th(‘ .sample. 

The filtrate aiul washings from lh(‘ last mentioned insoluble 
matter are added to the main iron and titanium solution. Now 
transfer this main solution to a 500 c.c. flask. If its volume 
is greater than 500 c.c., (waporate it to about 350 c.c. and then 
make I^he transfer; dilut(‘ to thii mark and decant off exaiitly 
250 c.c. into a porcelain dish or a casserole. Add to the casserole 
also 10 c.c. of 1 : I H2B()i and evaporate to thick fumes. Redis- 
solv(i by heating with 20 c.c. I : 1 sulphuric acid until all sul- 
phate of iron and aluminum have been ^li.ssolvi'd and there 
remains only a clear or slightly cloudy solution. Neutralize most 
of the free acid with ammonia. Add 5 grams of sodium thio- 
sulphate for every 50 mg. of titanium supposed to be present; 
boil gently for one-half hour; filter off titanium, using some paper 
pulp. Wash with sulphurous acid water (2 c.c. cone, sulphurous 
acid water in 500 c.c. of water) until free of iron test. The 
washed precipitate and pulp are smoked off and ignited till white 
or slightly brownish white at a low red heat. To make sure of 
the absence of iron in this a.sh, it can be fused with 5 grams 
KHSO4 as follows: Heat the crucible containing the Ti02 plus 
5 grams KHSO4 very gradually at first, to prevent crawling and 
spattering, until all the water has gone from the flux with a 
white flame of a Bunsen burner, keeping below redness until white 
fumes of SO3 begin to appear, then increase flame gradually until 
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low redness is reached on the lower half of the crucible; .continue 
to heat at a low temperature until all is in a state of clear 
transparent fusion; and SO 3 is coming off rather briskly; cool; 
run the melt on up the sides of the crucible. 

Place the crucible in a 250 c.c. casserole with 50 c,c. water 
plus 50 c.c. 1 : 3 H 2 SO 4 ; dissolve with heat; do not filter; heat 
until all sulphate is dissolved; and there remains only a little 
white floating insoluble matter. Transfer to a beaker; dilute 
to 300 c.c.; nearly neutralize with 1 : 3 ammonium, and while 
still acid add 5 grams of sodium thiosulphate for every 50 mg. 
of Ti02 supposed to be present. Boil twenty to thirty minutes; 
filter; wash free of sulphate test to barium chloride; and then 
thirty times more. Smoke off filter paper and pulp until all 
char is gone; ignite at a red heat to constant weight; evaporate 
with 5 c.c. cone. HF plus 6 c.c. 1 : 3 H 2 SO 4 ; be sure there is 
an excess of sulphuric acid, otherwise titanium fluoride will sub- 
lime and be lost. If the under side of the crucible lid is covered 
with a white coating, then some titanium has been lost as fluoride, 
due to insufficient H 2 SO 4 . However, avoid a great excess of 
sulphuric acid, as it is difficult to remove, and ignite finally to 
dull red and weigh as pure titanium oxide, free of all aluminum, 
silica, and iron; multiply this weight by 60.04 and divide by 
weight taken, that is, 0.50 gram, the original gram having been 
divided into equal portions of 250 c.c. All Zr is with the Ti. 

The other 250 c.c. portion of the hydrochloric solution in 
the 500 c.c. flask is analyzed for iron by reducing this heated 
solution with a slight excess of stannous chloride, titrating with 
standard dichromate as in iron ore (see pages 442-443). 

This iron solution cannot be converted to sulphate solution 
and passed through the zinc reductor for the reason that part 
of the titanium in solution would be reduced by the zinc and 
would be counted as iron. Titanium in solution does not inter- 
fere when the iron is determined by stannous chloride and potas- 
sium dichromate. 

Blank far S, P, Mn, and Si . — Blanks for method used on 
insoluble ferro-titanium should be run by fusing a standard 
pig iron or finely divided steel drillings of known content together 
with enough pure titanic oxide to about imitate the sample. 
This blank will be best for the phosphorus, sulphur, silicon, and 
manganese, allowing of course for the Mn, P, S, and Si, in the 
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standard pig iron. The U. S. Bureau of Standards gives the 
titaniuiri content of the pig iron standard that it furnishes. Any 
excess of P, Ti, S, Si, or Mn, over or above that given for the 
standard jpig iron is deducted as a blank correction for reagents 
from the results obtained on the sample being analyzed. 

Aluminum and Iron Blank for Insoluble Ferro-titanium . — 
Place in a platinum dish 0.4 gram of U. S. Bureau of Standards 
Sibley ore together with about as much pure titanic oxide as 
there is titanium in the sample. Evaporate this mixture with 
HF and a little nitric acid and then fume with H2SO4; for A1 
dissolve weighed amounts of metallic A1 powder in a little HCI 
and add the solution to the sulphuri(^ acid solution of the Sibley 
ore just before peroxidizing to remove A1 from the Ti and Fe, 
and finish in the same way as in the method described for the 
sample. Any iron or aluminum found in excess of that added 
to the standard is deducted from the iron and A1 found in the 
sample. 

Phosphorus. — Fuse 1 gram of sample in an iron crucible in the 
same manner as described for silica, sulphur, and titanium. 
Dissolve out fusion; acidulate with hydrochloric acid as de- 
scribed for sulphur and silica. Evaporate to dryness to remove 
bulk of silica; take up as described in HCI acid. Filter out 
silica, wash free of all iron, test with 1 : 1 IICl, ignite to weigh. 
This silica should be then evaporated with H 2 SO 4 and IIF; 
ignite the residue, after evaporation to remove excess of H 2 SO 4 . 
Fuse with twenty times its weight of sodiujn carbonate. The 
fusion is dissolved out in water; acidulated with HCI; heated 
to clear solution and added to the main filtrate from the silica. 
Precipitate the total solution with ammonia to remove sodium 
salts; wash the hydroxide precipitate about ten times with 
water; dissolve the precipitate with about 30 c.c. 1 : 1 HCI. 
Wash paper pulp until free of iron test, evaporate filtrate and 
washings in porcelain dish; then add 100 c.c. of cone, nitric 
acid, evaporate to 15 c.c.; filter out any titanic oxide that sepa- 
rates out and wash it twenty times with 1.20 sp. gr. nitric acid; 
volume should not be over 25 c.c.; evaporate to 20 c.c. if neces- 
sary in phosphorus beaker (125 c.c. beaker); add 20 c.c. cone, 
nitric acid; bring just to a boil; remove from flame; rinse down 
sides of beaker with fine jet of water. Volume should now be 
about 50 c.c. Add to the hot nearly boiling solution 50 c.c. 
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of the slightly ammoniacal water solution of animoniiiin molyb- 
date, stir well and filter out the ammonium phosphorus molybdate 
as soon as settled, and finish the phosphorus as in steel. Cal- 
culate the percentage to a l-gram basis. 

The titanic acid that is^ filtered out may carry with it a ILttle 
of the phosphorus. Ignite it at a low red heat in a platinum 
crucible until paper is gone. Fuse the ash with twenty times 
its weight of Na 2 C 03 at a bright red heat for thirty minutes; 
dissolve the fusion out in water; filter out the insoluble titanic 
acid; wash it with sodium carbonate water; acidulate the 
filtrate and washings with IICl; heat until CO 2 is nearly all 
removed; add enough ferric chloride solution to giv^e a red pre- 
cipitate with ammonia. Heat; filter off the red precipitate; 
wash it a few times with water. Dissolve the precipitate off 
with hot 1 . 13 sp. gr. nitric acid; wash fre(‘ of iron with dilute 
nitric wash. F]vaporat(' fill rat(‘ and washings to 10 c.c.; precipitate 
the phosphorus as in steel with ammonium molybdate solution, 
and add to the main phosphorus percentage. 

Put finely divided standard pig iron through all of the above 
methods, and any phosphorus found above its true percentage 
is deducted from that obtained from the ferro-titanium, the 
remainder being the true phosphorus in the ferro-titanium. 

Second Method for Manganese in Fe, Ti, Si, A1 Alloy. — 
As the so-called iron c.rucibles sometimes contain considerable 
manganese there is some advantage in running the manganese 
by taking a separate portion and getting it into solution exactly 
as for the iron with HF and a little cone, nitric. Then evaporate 
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pickling the outer surface in UNOj (1.20). 
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to fumes witli H2S()4. In this way variations due to high blanks 
are avoided, or when the sample is dissolved in this manner for 
*A1, Ti and F(\ the total sulphate solution ean be diluted to 
KXK) e.(‘ fdapiot parts takcMi for Mn The balance of the solution 
cati be measured off for he, Al, and t'l as already described. 

The crucible showing high manganese and high copper is 
the most resistant to alkaline fusions. Th(‘ n(*w thin wall crucible 
shows a total of 0.285 iK'r c(‘nt (’u wIhmi th(‘ surface of the crucible 
is not pi(“kled thoroughly with HNO.^ (1.20). 'Fhe (topper shows 
plainly on the low('r third of the* outia- wall of the crucible in a 
coating, 'fhe older make' shows no copper on surface, and the 
0.015 IS its total cop])(‘r. 

Nearly Soluble Ferro-titanium. Tlu^ finely ground sample is 
gotten into solution as far as possible' with IIjSO^, the unsoluble 
residue is filten'd out, waslual, ashed and fus(*d with 5 grams 
of sodium carbonate' plus 20 mg. of peitassium nitrate' in a plati- 
num crucible in a bright re'el he*at until it is meilte'ii, then keep 
at a bright reel heat feir twenty te> thirty minute's; fusion is 
dissolved out in water; the e'rue*ible' is e'le'ane'el by warming in 
it a little I : 1 H(M; the seilutiein anel e'le'anings are' aeleled to the 
first main filtrate, this filtrate is then linishe'el feir silie'ein, iron, 
aluminum, titanium, anel mangaiu'se' by the' same me'thoel that 
was used where the insoluble' alleiy was fused in an ire)n e’rucible 
with a mixture of soelium pe'reixiele' anel seielium carbonate. 

As the fusion is not made in the^ ire)n crucible, the seilution can 
be useel for iron alse), but neit feir sul]diur (W phosphorus. The 
sulphur anel phosphorus must be obtained by peroxide and 
sodium carbonate fusion of a se^parate portion as described for 
insoluble ferro-titanium. 

Iron Blank.— Fuse at a bright reel for thirty minutes enough 
U. S. Bureau of Staiidarel Sible*y iron ore anel titanic oxide (pre- 
pared as directed) with 5 grams Na2CX)3 plus 20 milligrams KNO3; 
fuse about as much TiOj anel iron ore as the sample contains. 

Dissolve fusion out in water, clean crucible with a little HCl; 
add the cleanings to the water solution of the fusion; add to 
this the same amount of H2SO4 as is used to dissolve the finely 
ground sample; add also as much Al dissolved in a little HCl 
as is likely to be in the sample. Peroxidize to remove Al as 
many times as the sample is peroxidizi'd. The hydroxides left 
bn the filter after the last peroxitlations together with each 
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of the filter papers and pulps from which the iron and titanium 
hydroxide were dissolved off before each peroxidation, are 
smoked off together in a platinum crucible at a low red heat 
until all paper is removed. 

Cool the ash, which insists of titanium and iron, fretl of 
aluminum. Shake this out into a small beaker. Clean out 
the crucible with a little 1 : 1 HCl, using heat, wash this cleaning 
into the same beaker; remove any adhering particles. Add 
to the ash in the beaker 20 c.c. cone. HCl and heat until all is 
dissolved except a white floating residue, if any. If this white 
floating residue amounts to more than a milligram on being 
burned in a platinum crucible and weighed, then fuse it with 
twenty times its weight of Na 2 C 03 at a bright red heat for twenty 
to thirty minutes; dissolve out the melt; get in clear solution 
in a small beaker, by heating it with 1 : 1 HCl; then add the 
clear solution to the filtrate and washings from the white floating 
residue; now transfer this filtrate and washings to a 500 c.c. 
volumetric flask, dilute to the mark; mix well and decant off 
exactly 250 c.c. Analyze for iron by reducing this heated 
solution with a slight excess of stannous chloride, titrating with 
standard dichromate as in iron ores (see pages 442-443). 

Sulphur by Evolution at 900° C. to 960° C. — Sulphur on 
soluble and insoluble ferro-titanium can be gotten by evolution 
in a stream of hydrogen, carrying HCl, at 900° C. to 950° C. 
in a tapered combustion tube. Weigh out 0.5 gram of the finely 
powdered alloy into a porcelain or clay combustion boat and 
proceed as described on pages 122-129. 

Result by Fusion Evolution m Hot Tube 

.15 per cent S .15 per cent S 

Preparation of 99.5 per cent Ti02. 

Grind black Norwegian rutile to the finest flour in an 
agate mortar. Fuse 1 gram of this powder with 20 grams 
KHSO4 in the following way: heat very cautiously below 
redness until the absorbed water is all gone from the KHSO4; 
then raise the heat very slowly until the crucible is a dull red 
on the bottom. Continue to heat at a low red until all is in a 
state of quiet fusion and so clear that one can see nothing but 
a few white particles of silica floating in the otherwise clear melt. 
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Run the fusion well up the sides of the crucible. Place crucible 
and all in abbut 50 c.c. of 1 : 3 H2SO4 in a porcelain dish and 
heat until all is dissolved except a few white floating flakes of 
silica. Co^; remove crucible; filter; and wash with dilute 
sulphuric (1 : 40) about fifty times. ^ 

The filtrate and washings are nearly neutralized with ammonia, 
but while still distinctly acid, dilute to 800 c.c. with water and 
boil. Titanium acid will separate out and settle to the bottom. 
Pour off the supernatant liquid and wash several times by di'can- 
tation; then add a ball of ashle.ss filter paper pulp; stir this 
well with the titanic acid; filter, and wiush free of sulphate to 
BaCb test. Ignite and weigh. Residue should be at least 
99.5 per cent pure titanic oxide. 

Method of Making Sodium Carbonate— Sodium Peroxide 
Fusions. — Sodium peroxide and sodium carbonate mixture 
fusions, in general, are made as follows: Mix the carbonate and 
peroxide together in a clean iron crucible, using a stout Ni-chrome 
wire for a stirrer. 

Pour about half of this mixture into another iron crucible in 
which the fusion is to be made. Place on top of this the powderi'd, 
weighed sample. Mix all with the stirring rod and cover the 

mixture with the other half of the fusion mixture; then heat 

gently until all is in quiet fusion, which should take about one 
or two minutes. While in the molten condition, take the crucible 
in the tongs, keeping it in the flame all the while, and give it a 
slight swirling motion for two or three minutes more; and no 
longer. Cool ; place the crucible on its side in a covered casserole 
or porcelain dish. 

Add water and heat until the melt is dissolved. Remove 
the crucible; rinse its walls off thoroughly; mb out any adhering 
particles from its inner walls. Rinse all into the dish. The 

contents of the latter are then ready for the acidulation and 

evaporation to remove silica. 

Nickel, Chromium, and Vanadium in Ferro-titanium. -Get 
the sample into complete solution by the method given for 
ferro-aluminum-titanium-silicon, proceeding exactly as described 
to the point where the silicon has been removed; evaporated 
with HF, etc., and the residue from the HF plus a few drops 
of H2SO4 has been fused; dissolved; and added to main filtrate 
from the silica. This solution will now contain all of the Ni, 
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Cr, and V. It can be then converted to sulphates by taking it 
to slight fume of SOa by evaporating it with 50 c.c. of I- : 3 H2SO4. 
Add 100 c.c. of water and 10 c.c. more of the sulphuric acid; 
heat until all su4)hates are in solution; repeat the evaporation 
to insure the entire removal of the IICI. Be careful (‘ach ti^ne 
to take only to the slightest fume as chromium is very insoluble 
if fumed strongly. 

Finish for V, Cr, and Ni as in steel. 

Iron in Soluble Ferro-titanium— By Reduction with Hydrogen 
Sulphide. — Dissolve 0.5 gram of sample in 1 : 3 sulphuric acid. 
If there be any insoluble residue that is not white, filter the same 
out and wash it with dilute sulphuric acid. Roast it. Fuse it 
with potassium bisulphate. Dissolve the melt in dilute sul- 
phuric acid and add it to the filtrate and washings from the 
insoluble residue. Dilute the slightly acid filtrate and washings 
to 200 c.c. Pass hydrogen sulphide through the same until the 
iron is entirely reduced. It will be colorless when hot. The 
reduction will take about an hour, with the gas passing at a rather 
rapid rate. Filter the solution into an 800 c.c. boiling flask. 
Wash the filter with 1 : 10 sul[)huric acid until free of iron test. 
Pass hydrogen sulphide through this filtrate for one hour more. 
(Saturate the acid wash with IDS before using.) 

Now pass a stream of carbon dioxide through the solution, 
keeping it at boiling temperature during the time that the CO2 
is passing. When a piece of filter paper, moistened with a 
water solution of lead acetate, is no longer discolored, even 
slightly, when held m the neck of the flask, the excess of hydrogen 
sulphide is all driven out. Place the flask in cold water with 
the stream of carbon dioxide still passing through it. The glass 
tube that carries the H2S and C()2 into the fluid should, of 
course, reach nearly to the bottom of the boiling flask. When 
the contents of the flask are cold, titrate with standard perman- 
ganate of pota.sh until one or two drops yield a pink color that 
is permanent for several minutes. The same standard that 
is used for titrating iron in ferro-vanadium can be utilized in 
this determination. One c.c. of the standard equals 0.00556 
gram of metallic iron (3.16 gram KMn04 in one liter.) 

The residue on this filter will contain all of the copper present which 
can be roasted and finished as in steels for Cu. 
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Manganese in Ferro-titanium Soluble in Sulphuric Acid. — 

Dissolver ().?()() gram in 10 c.t*. 1 : B sul])}uiri(“ acid. Add 
10 c.c. concentrated nitric acid. Hoil ofT red fumes. Dilute 
to 35 c.c.^with water and finish as in ste(‘ls. This applies to 
Diaaganesc not in excess of 1 pc'r c(‘nl^ Use 0.05 gram for man- 
ganese (‘onti'iit exceeding I per cent. Accurati; to 2 per cent 
Mn. For higher percentages of manganese dis.s()lve 1 gram 
of sample in 30 c.c. 1 : 3 sulphuric acid.* Oxidize by boiling 
with 10 c.c. cone, nitrii^ acid and 1 gram of jiotassium (‘hlorate. 
Add 60 c.c. 1 : 3 sulphuric acid and eva])orate to thick fumes. 
Cool, add water and heat until all is dis.solved except perhaps 
some of the titanic oxide and silici(‘ acid. Be sure that all iron 
and manganese sulphates a.r(‘ in solution. Wash the cold solu- 
tion into a liter flask. Fill th(‘ flask one-half full with distilled 
water. Add a rather thick paste of manganesi'-frec zinc oxide 
and distilled water. Continue the addition of the zinc oxide 
until the iron and titanium settle out wi'll, avoiding any unneces- 
sary excess of the ziiu^ oxid(\ Cool, if necessaiy, to the tem- 
perature of the room, an<l dilute the contents to the liter mark 
with distilled water. Mix ten times, inverting the stoppered 
flask each time. 

Pennit the precipitate to settle for a half-hour with the flask 
in an inclined position. Pour the supernatant fluid through a 
large, dry filter into a dry beaker. Use two filters to hasten 
matters. Rinse a 100 c.c. pipette three times with portions of 
the filtrate. Then draw out a 300 c.c. portion and a 400 c.c. 
portion. Place these in separate boiling flasks, labeling them 
300/1000 and 4(K)/1()00, respectively. Add 2 drops of 1.20 
nitric acid to each of these alicpiot parts. Heat the 300 c.c. to 
boiling, and titrate with standard permanganate of potassium, 
adding a little at a time. Shake thoroughly with each addition 
of the permanganate solution, reheating the solution between 
times! When 3 drops finally produce a slight hut distinct pink 
color in the hot supernatant fluid, after a reheating and thorough 
shaking, the end-point is reached. Deduct 0.2 c.c. from the 
total permanganate used. Multiply its value per c.c. in milli- 

* One can also finish from thi.s stage on as directed on page 345 by the 
author’s method for manganese above 2 per cent. 
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grams of iron by 0.2951 to find its value in milligrams of man- 
ganese. - 

Titrate the 400 c.c. part in like manner and average the two 
results, calculating them as 3/10 and 4/10 of a gram^ respec- 
tively. (See also Mn in Insoluble Ferro-titanium.) 

Standardization of the Permanganate Solution for Iron and 
Manganese . — Weigh 3.16 grams of c.p. potassium permanganate 
crystals into a liter flask. Dissolve in distilled water and dilute 
to liter mark. 

Weigh 0.2850 gram of c.p. recrystallized oxalic acid into a 
200 c.c. beaker. Dissolve the crystals in 100 c.c. of hot water. 
Add 30 c.c. 1 : 3 sulphuric acid and titrate this hot solution with 
the permanganate solution. This latter should not be stand- 
ardized for, at least, twelve hours after it has been dissolved 
and made up to 1 liter. 

This amount of oxalic acid will require usually 45.50 c.c. of 
permanganate of the above strength to render it a faint pink 
that is permanent for several minutes. As the oxalic value 
of a permanganate solution multiplied by 8/9 gives its iron 
value therefore the latter is found by this calculation: 0.2850-r 
45.50X8/9 = 0.005567, or 1 c.c. of the permanganate equals 
0.005567 gram of metallic iron. This value multiplied by 0.2951 
yields the value of the same solution in grams of manganese, or 
0.005567X0.2951=0.001642 gram of manganese. For check 
0.280 gram oxalic acid took 44.8 c.c. KMn 04 , or 0.280-i-44.8X 
8/9 = 0.005555 and^ 0.005555X0.2951=0.001639, or 1 c.c.= 
0.001636 gram of manganese. Average iron value equals 0.00556 
gram and average manganese value equals 0.001640 gram per 
c.c. Compare the theoretical factor for manganese with that 
found by standardizing the permanganate standard by putting 
a ferro-manganese, containing a known per cent of manganese, 
through the identical process of precipitation with zinc oxide, 
etc. 

Silicon in Soluble Ferro-titanium.— Dissolve 1 or 2 grams 
of drillings as in steels. Evaporate to fumes of sulphuric acid. 
Dissolve in water. Filter, wash, ignite, weigh, evaporate with 

The following reaction show how Volhard’s method proceeds: 

3 MnS 04 4 - 2 K^n 04 -f 2 ZnO = KjS 04 -|-6MnO, f 2 ZnS 04 . 
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a few drops of cone, sulphuric acid, and the usual amount of 
hydrofluoric acid. Ignite and calculate the loss of weight as 
'silicon. Should a white coating appear on the lid of the crucible 
when th(f sulphuric acid is being driven off, it means that there 
haS not been a sufficient amount of Sulphuric acid added, some 
of the titanium having volatilized as fluoride. 

In such event, repeat the analysis, using a little more sul- 
phuric acid with the hydrofluoric acid. 

Carbon in Soluble Ferro-titanium. — Some ferro-titaniums of 
low silicon content can be completely decarbonized at 950° C. 
in a fused silica or tapennl zirconia tube with oxygen. See 
Electric Combustion Furnace, page 270. It is safer to burn the 
sample in red lead. Burn 1 or 2 grams of thin drillings or 
30-mesh powder with 2 grams of red lead. 

Insoluble Ferro-titanium.— Carbon, sulphur, and phosphorus 
are determined as given in the analysis of soluble ferro-titanium. 

Silicon and Titanium. — These elements can also lx? deter- 
mined by fusion of 0.5 gram of the finely ground substance 
with 15 grams of acid potassium sulphate in a 40 c.c. platinum 
crucible. This fusion is highly satisfactory if conducted with a 
little experience. Heat the crucible very gradually at first, 
using the white flame of an argand burner. Keep the melt below 
redness until all of the water has been driven out of the flux 
without sputtering. When slight fumes of sulphuric anhydride 
begin to make their appearance the heat can be increased 
to low redness. Maintain this temperature »until the substance 
is in a state of clear fusion, and is a pure yellow, free of all black 
specks. 

If the argand burner flame is properly adjusted, this opera- 
tion can be going on with only occasional attention. When all 
black is gone, raise the heat until fumes of sulphuric anhydride 
come off briskly when the lid is lifted slightly. 

Then turn off the heat and run the melt well up the sides. 
Place the crucible in a 250 c.c. casserole with 50 c.c. of water 
plus 50 c.c. of 1 : 3 sulphuric acid. Dissolve with heat. Filter 
out the white insoluble residue; wash it free of iron and sul- 
phate, using barium chloride solution for the latter test and 
KCNS for the former. Ignite it in a weighed crucible. Weigh 
as Si02 plus a little Ti02. Evaporate with HF and a few drops 
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of H 2 SO .1 iind caknihite the loss of weight to silicon. Keep the 
non-vohitile portion to add to th(5 main portion of Ti() 2 . 

The filtrate and washings from the silica ar(‘. made nearly 
neutral with ammonia and precipitated with thiosfilphate of 
soda, and finished as in siShble ferro-titanium for Ti. 

Iron by Fusion with KHSO4.— Fuse 0.5 gram as for silicon. 
Reduce with H 2 S and finish as given under the soluble fc-rro. 

Aluminum. — Proceed by fusion as given under aluminum 
in soluble ferro-titanium. 

Manganese in Insoluble Ferro-titanium. — If the percentage 
of manganese is uiyler 2 i)er cent, fuse 0.100 or 0.05 gram with 
twenty times this weight of sodium carbonate and one-fifth 
that amount of potassium nitrate. Dissolve the melt in a sm dl 
porcelain dish with as little water as possible. Clean the plat- 
inum crucible with a little hydrochloric ai'id; acidulate the 
water solution of tlu’ melt with the same acid. Add to this 
solution the cleanings of the crucible and also 10 c.c. of 1 : 1 
sulphuric acid. Kvaporate to thick fumes. Dis.solvi' th(‘ residue 
in water. When the iron sulphate is dissolved, wash the solution 
into a 10 by 1 inch test tube and dilute to 20 c.c. Add 10 c.c. of 
cone, nitric acid and fini.sh as in steels. 

For higher percentages of manganese proceed as given for 
high manganesi' in soluble f(*rro-titanium except that the sub- 
stance is gotten into solution by a bi.sul])hate fusion as given 
under the determination of silicon in in.soluble ferro-titanium. 
Transfer the sulphuric acid solution of the melt to a liter flask 
and precipitate' the iron and titanium with zinc oxide. Use 
1 gram of sample and fuse it with 30 grams of bisulphate. 

Titanium Steels. — I'or phosphorus, manganese, silicon, alu- 
minum and carbon proceed as in plain steels if the titanium is 
present to the extent of a few tenths of a per cent. 

Sulphur. — FI veil a few tenths of a per cent of titaniurn lead 
to low sulphur results by the evolution process. For example, 
where results .showing 0.006 per cent by evolution were obtained, 
0.012 sulphur was gotten by the ordinary gravimetric sulphur 
method for steels. Again, 0.075 per cent .sulphur was gotten 
by evolution in a titanium experimental ingot when the gravi- 
metric result was 0.1 1 per cent. Use cither the gravimetric 
process by direct solution, or fuse 2 grams of sample with 20 grams 
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of sodium carbonato ])lus 4 j^rams of niter, and proceed as in 
sulphur in high silicon ferro-vanadium, filtering out th(‘ sodium 
titanate before acidulating with H(4. Or use the author’s method 
by evoluti(4n at OoO” (\ m a tapered tube (see jiages 122 124). 

'Ktanium in Steel. (/Vec/mc/r/c.— 'Wu' titanium is determined 
gravimefrically as m nearly soluble ferro-titanium (‘xci'pt that 4 or 
5 grains of sainph' .should be used. 

Volumetne. — So far th(' most [iractical way is tlu' well-known 
color method, using hydrogen pero\id(‘. 'bhe author proceeds 
as follows; 

Determine graviini't riiadly the amount of titanium in a solu- 
ble ferro-titanium containing from about <S to 10 per cent of 
titanium, for use as a color standard. 

Plain Titanium Steel.- Color Method, If the titanium con- 
tent is 0.05 )X’r c('nt or over, wiagh 0 500 gram of drillings info 
a 10 by 1 iiK'h tube. Also w(‘igh 0.500 gram of a plain carlu ri 
steel that contains no titanium by the (lualitativi' t('st. Add 
to the latter ('iiougli of the standard ferro-titanium to bring 
the amount of titanium jin'siait m this standiird mixtun' to 
within about 0.05 per cent of the titanium contimt of the test. 
If the test IS likidy to be about 0,15 per (‘(mt Ti, then the 
standard should either be about 0.10 pin* c(*nt Ti or 0.20 jaa* 
cent Ti. The iK'arer the standard is to the t(‘st, in titanium 
content, the better. 

Dissolve the drillings in 10 c.c. of ddute sulphuric acid. 
Add 5 c.c. of cone, nitmt acid; boil olT red (^mies. The black 
insoluble matter or any in.solubk; matter at this stage must 1 m> 
filtered out; washed with I : 30 nitric acid; ignited free of 
char in a platinum crucible; fused with twenty times its weight 
of Na-iCOa plus the equal of its weight of niter; the melt dis- 
solved out with water; acidulated with H(d; evaporated to 
fumes with 4 c.c. of 1 : 1 H2S()4; taken up with a few c.c. of 
water ‘and H2SO.4; heated until all sulphates are dissolved. 
This solution is then added to the main original nitric filtrate of 
the sample. 

Transfer this solution, which should be clear, to a glass- 
stoppered comparison tube of about 15 to 10 mm. outside diam- 
eter and with the graduated part about 38 cm. long. Add to 
the solution in the comparison tube 5 or 6 c.c, of the peroxide 
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mixture used in the qualitative Ti and V tests, page 4. Stopper 
the tube and mix the contents thoroughly. Transfer the test 
to the other comparison tube and treat it in like manner. If* 
there is a great difference in color between standard tand test, 
results will only be roughfy approximate and the work shoAild 
be repeated, preparing a new mixture of standard ferro-titanium 
and plain carbon steel, to imitate the test within the 0.05 limit 
or closer. I 

The following actual case will illustrate calculations, etc.: 

The standard mixture consisted of 8 mg. of 8 per cent Ti 
ferro plus 500 mg. of a plain carbon steel of approximately the 
same carbon content as the sample to be tested. 

The test matched the standard at 38.3 c.c. with the standard 
diluted to 35 c.c. Since the standard contained 8 mg. of 8 per 
cent ferro-titanium, its color was due to the presence of 0.008 X 
0.08, or 0.00064 gram, of metallic titanium; therefore we have 
the proportion: 

stand Vol. TostVol 

35 c.c. : 38.3 : : 0.00064 : X, 

or 38.3X0.00064-7-35 = 0.0007, or 0.0007 gram of titanium found. 
0.0007X100-7-0.5 = 0.14, or 0.14 per cent titanium when 0.5 
gram is taken for analysis. The gravimetric result on this 
sample was 0.158. Another sample gave 0.134 per cent by 
color and 0.140 pec cent by gravimetric analysis. 

For percentages as low as 0.05 per cent and under, use a 
gram of sample and proceed accordingly, preparing standard 
mixtures of similar percentage. If the titanium steel also con- 
tains not over 0.5 per cent of elements that color acid solution, 
such as chromium and nickel, the amounts of the latter present 
in the test should be determined by the rapid methods given 
under chromium and nickel in steel. Add to the standard 
enough shot nickel if titanium nickel steel is being tested, or 
enough potassium dichromate reduced with the least possible 
excess of sulphurous acid if the test be chrome-titanium steel, 
to exactly imitate the sample under examination, and then 
proceed as usual. 

Qualitative Test for Titanium. — Proceed as given under 
Qualitative Test for Vanadium, page 4. 
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ANALYSES 


limuluble Ferro-titaiiiuia 1 

1 

Soluble Ferro- titanium 


t 

Per Cent 


Per Cent. 

Tftanium \ ^ ^ 


Titanium 

8 12 

Oxide- 

87 80 

ManKane.se 

0.58 

Silica, SiOi 

0 85 

Silieon 

0 60 

Iron Oxide, Fe-jOj 

4 (U 

Iron 

80 92 

Sulphur 

0 52 

Aiuiiunuin 

3 00 

Carbon 

1 89 

IMionphorua. 

1 0 10 

PhosphoruH 

0 05.) 

Carlnm 

0 20 


The Determination of Titanium in Steel by 1{emovino the 
Bulk of the Iron with Ammonia 

This method can be used for either hij'h or low per cents of 
Ti and is especially valuable for low per cents such as 0.01 to 
0.05 per cent Ti. Dissolve 5 to 15 grains of the sample as far 
as possible in 1 : 3 sulphuric acid in the same manner as described 
for A1 in steel (see pages 189-190). Filter out the insoluble 
residue of carbides. Wa.sh the same with water until free of ferrous 
iron test with potassium ferricyanidc. 

Ash the carbide residue in a platinum crucible; fuse the 
ash with twenty times its weight of Na 2 C 03 plus the equal of 
its weight of niter. Keep molten for twenty minutes. Dissolve 
the fusion out in water; clean the crucible by wanning in it a 
little HCl. Acidulate the water solution of tilie fusion with HCl; 
heat until all is in solution and add this solution to (A) before 
peroxidation. 

To the original main filtrate and washings from the insoluble 
carbides add ammonia a little at a time until a slight blackish 
precipitate is obtained which does not redissolve on stirring; 
filter off this precipitate; wash it ten times with water. The 
bulk of the iron is thus removed. On the filter will be all of the 
Ti that was not filtered off with the carbide residue in the begin- 
ning. Dissolve this blackish precipitate off the filter with hot 
HCl 1:1; wash the filter paper free of iron (save the filter 
paper); call the solution and washings (A). (A) plus the solu- 

tion of the fused carbides (already mentioned as added to (A) 
before peroxidation) now contains all of the Ti and A1 in the 
st^el; and also all of the Cr, V, U, and Zr. 
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If it is desired to get the Ti by the gravimetric method (A) 
is now converted to sulphate by fuming it with 50 c.c. of 1 : 3 
112804 . Finish for titanium by precipitation with Na 2 S 203 
as already described on pages 40 52. 

Titanium in Chrome^ Steel, Chrome Vanadium and Tung- 
sten Steel. — Dissolve the steed in the same manner as described 
for titanium in steel by removing the bulk of the iron by 
ammonia. When solution (A) has been combined with the 
solution of the carbides in the manner described, then separate 
the chromium by repeated peroxidations in the manner given 
for this sep:iration on page 179. The iron and titanium will 
finally be left behind on the filter free from V, Al, and Cr. 
Dissolve the iron and titanium off the filter with hot 1 : I HCl. 
Ash all of the filter papers from which the hydroxides were, 
dissolved in the diffm-ent pcu’oxidations, as there may be still 
some Ti remaining in them. Also ash the main iron and titanium 
hydroxides. Fuse the combined ashes with twenty times 
their weight of i)otassium bisulphate until a clear fusion is 
obtained. Dissolve this fusion out in 1:3 H28O4, using heat 
to aid in the solution. WIkmi all is in clear solution dilute the 
clear cold solution to 500 c.c.; mix well and take aliquot parts 50 
and 100 c.c. portions by means of a burette; add to each portion 
5 c.c. of cone, nitric acid; boil; cool; add 5 to 10 c.c. of the 
peroxide solution prepared as given on pag(^ 4, and then finish 
by color comparison. Known amounts of made up standards 
should be put through all of the operations. 

Also the total 500 c.c. can be finished gravimetrically. 

The Determination of Titanium in Nickel Steel 

Suppose it is required to obtain the titanium content of a 
steel containing 3.60 per cent Ni: Dissolve 5 grams of the 
sample, as on page 63, using 75 c.c. of 1 : 3 sulphuric acid for 
the solution, heating in boiling water for one hour to eliminate 
as much as possible the carbon before adding the 25 c.c. of cone, 
nitric acid to accomplish the oxidation of the iron and dissolve 
the titanium. For a standard mixture dissolve and oxidize 
5 grams of plain steel to which enough nickel ammonium sulphate 
has been added to equal 3.60 per cent Ni in 5 grams, and also 
5 mgs. of 8.20 per cent Ti ferro-titanium. Dilute the cooled 
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solutions of, the standard and the test to the mark in 250 c.c. volu- 
metric flasks; mix and note if the two solutions are about the 
*same shade of brown. If the standard solution is distinctly 
browner •[irepare a new standard using a lower carbon plain 
caA)on steel, adding the nickel sulphate and 5 mgs. standard 
ferro-titanium. If now tliero is only a slight difference in the 
color of the solutions due to dissolved carbon proceed with the 
comparisons in the manner described on page (>4, using 25 c.c. 
from each flask. This method was u.sed on a steel that con- 
tained 0.008 p(‘r (*ent d'i. How(‘ver, it is 1x4 ter to remove the 
bulk of the iron with ammonia, etc. See pages 180-101. 

The Dp:termination of Titaniu.m in (^huomhjm-vanadium- 

N 1 C K K L - T rr A N I C M -TO N ( J STKN Sl ’ K K L 

Owing to the interference of the vanadium and tin* chromium, 
the latter must be nauoved. This can b(‘ Ix'st done by peroxi- 
dizing the solution of th(‘ sampl(‘ and standard mixlun‘s in the 
same manner as dc'scribed on pagi's :M .‘to. If the chromium 
is considerable it will rixpiire thnr pcu’oxidations at li^ast to 
remove the chromium and vanadium. The redissolving and 
reperoxidizing must be continued until the filtrate from the 
iron and titanium is no longer colored yellow. The steel and 
standard mixtures are di.ssolved in 50 c.c. of I : 8 sulphuric 
acid; 0.500 gram of sample is taken for analysis. A chromium- 
tungsten-vanadium steel containing no nickfl or titanium was 
used as a basis of a standard, and to it was added 85 mgs. of 
nickel ammonium sulphate and 5 mgs. of 8.20 per cent (Ti) 
ferro-titanium. After the chromium color has been removed 
by several peroxidations from the standard and test, the iron 
and titanium are dissolved off the filters with 50 c.c. of hot 
1 : 1 HCl; the filter is washed free of iron; the filtrate and wash- 
ings will contain all of the titanium and iron except a slight 
amount that may still remain on the filter, which is ashed and 
fused with one gram of sodium carbonate; the fusion is dis- 
solved in 20 c.c. of 1 : 1 HCl and added to the main solution of 
the iron and titanium. Evaporate this latter solution to 5 or 
10 c.c.; add 100 c.c. of strong nitric acid; heat with the cover 
on until all spraying is over and then evaporate to 5 c.c.; add 
10^ c.c. of water and filter into the comparison tube, washing 
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with 1.20 nitric acid; add 10 c.c. of peroxide solution and com- 
pare. Example: Test matched the standard mixture as follows: 
76.7 c.c. test equal 91.2 c.c. of standard; therefore since the 
standard contained 0.41 mg. Ti, 76.7 : 91.2 :: x : 0.<11 mg. Ti, 
or 76.7 times 0.41 mg. tt divided by 91.2 divided by 500 Multi- 
plied by 100 equals 0.068 per cent Ti. A duplicate analysis 
on this steel gave 0.070 per cent Ti, using 0.600 gram of sample. 
In the case of a similar steel that contained 0.80 per cent Ti, 
the nitric acid solutions containing the iron and titanium, freed 
as above from the V and Cr, were diluted to 250 c.c, and 50 c.c. 
were taken from the standard and test for the comparisons. 0.81 
per cent Ti was obtained and a check of 0.78 per cent Ti. No 
attention is paid to the tungsten as it is removed along with the 
Cr and V. 


Calculations 

70 mg. of 8 2 [ler cent Ti ferro-titanium were used in the standard mixture: 
01.5 c.c. of standard equal 78 c.c. of test. One-fifth of 70 mg. times 0.082 equals 
1 148 mg. Ti. Therefore 01 5 78 :: 1 148 : x; x equals 1.456 mg. Ti. 
Now 0.9 gram was taken in this case for the analysis and one-fifth or 0.18 
gram of the test was used in the comparison; hence 0.00145 gram X 100 divided 
by 0.18 equals 0.809 per cent Ti. 


SOME FURTHER ANALYSES OF FERRO-TITANIUM 



No 1 

No 2 

No 3 

No 4 

No 5 


Tit Cent 

Per Cent 

Per Cent 

Per Cent. 

Per Cent. 

Carbon 

7 00 

1 05 

0 04 

3 69 

1.85 

Mangane.se 

0 28 

0 40 

0 39 

0 19 

0 15 

Silicon 

1 08 

0 64 

2 51 

0 42 

14.90 

Titanium . 

7 30 

8 40 

20 44 

29 17 

6 15 

Aluminum 

0 42 

2 93 

3 10 

9 87 

2 25 

Iron . 

84 20 

86 53 

73 17 

56 78 

74 60 

Chromium 

Phosphorus 



0 52 


0 15 


Chromium.— The chromium was obtained in the above No. 3 
as in a steel, no attention being paid to the presence of titanium. 

Analysis of Basic Slag Containing Titanium. — Silica . — 
Dissolve 1 gram of the finely ground slag, after first stirring it 
into a thin, smooth paste with a very little water, in a No. 5 
porcelain dish in 50 c.c. of cone. HCl. Warm until solution is 
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practically complete, evaporate to dryness and heat until very 
little acid can be detected when hot. Dissolve again in 30 c.c. 
of cone. HCl; add 100 c.c. of water; filter; wash free of iron 
test. Bum in a weighed platinum crucible; add a large excess 
of H?S04, about 2 c.c. to prevent loss oifTi as fluoride and remove 
the silica with 15 c.c. of HF; calculate the loss of weight to 
silica. For extreme accuracy the solution of the slag should 
be evaporated twice to dryness with HCl, filtering after each 
evaporation and solution in HCl and water. 

Oxide of Iron. — Di.ssolve 1 gram of the slag, as for the silica, 
in a 600 c.c. beaker and dilute the solution to 300 c.c.; heat to 
boiling; reduce with stannous chloriile without separating the 
titanium; cool; add an excess of mercuric chloride solution and 
, titrate with N/20 |X)t}issiuni dichromate as in iron ores. 

Titanium Dissolve 1 gram, lus for silica, in a liter 

boiling flask and dilute to 300 c.c.; make two peroxidations as 
described on page 49, obtaining the titanium and iron on the 
filter and the alumina in the combined filtrates and washings 
from the two peroxidations. 

Oxides of Manganese^ Calcium and Magnesium . — Dissolve 
1 gram in 50 c.c. of cone. HCl in a 600 c.c. beaker and make 
two ba.sic separations, as directexl for the separation of iron 
from manganese on page 244, beginning at the point where the 
filtrate and washings are diluted to 300 c.c. The combined 
filtrates from the two basic acetate separations contain all the 
Ca, Mg, and Mn in the slag. Acidulate the •combined filtrates 
with HCl and eva|X)rate them, if necessary, to 400 c.c. and 
make the same slightly but distinctly ammoniacal. Then add 
slowly a water solution of jxitassium ferricyanide; use the c.p. 
salt of a clear resinous red color and free of the suggestion of 
bluish color, as ferricyanide containing blue material is partly 
decomposed as follows: Fc(CN);r 3KCN = Fe(('N)2-f CN-f 
3KCN, and will not precipitate the true manganese ferricyanide 
but a mixture of the latter and cyanide of iron. Dissolve 3.75 
grams of the potassium ferricyanide in water and dilute to 1 liter. 
1 c.c. of this solution will precipitate about 0.001075 gram 
of manganese. 2K3Fe(CN)6-f 3Mn(N03)2 = Mn3[Fe(CN)6]2-|- 
6KNO3. Add a slight excess of the precipitant and allow the solu- 
tion to stand a half hour before filtering. Mix some paper pulp with 
the jjrecipitate, filter it, and wash it with a solution of 5 grams of 



70 ANALYSIS OF FERRO-ALUMINUM-SILICON-TITANIUM, ETC. 


ammonium nitrate dissolved in 500 c.c. of water made alkaline 
with 5 c.e. of strong ammonia. In order to secure a rapidly sub- 
siding precipitate it is best to make the manganese solution, at 
first, just ammoniacal enough to turn a small piece of fed litmus 
paper floating in it blue; inen add 5 c.c. of 1 : 1 ammonia water 
in excess. After washing the manganese ferricyanide as described 
until 1 c.c. of the washings acidulated with nitric acid no longer 
give a chlorine test with silver nitrate, it is burned at a low 
red heat until free of carbon of the filter paper; it then consists 
of a mixture of oxides of manganese and iron which can be 
analyzed for manganese as usual. This mixture of oxides of 
manganese and iron seems to be of fairly constant percentage 
of manganese if always burned off at definite temperature. 
The author is not yet prepared to recommend weighing the 
mixture of oxides as a gravimetric method for manganese. He 
made many experiments with this in view and obtained some 
promising results. Where large amounts of manganese are pre- 
cipitated in this way in the preseni^e of lime, it is advisable to 
dissolve the mixture of oxides in 20 c.c. of cone. HCl and make 
a basic acetate separation of the iron; the manganese in the 
filtrate and washings from the iron acetate is again precipitated 
as before with ferricyanide and the filtrate and washings from 
the manganese are combined with the filtrate and washings 
from the original ferricyanide precipitation of the manganese. 
In this way the possibility of any lime being carried out with the 
manganese ferricyanide is obviated. This second precipitate 
of manganese ferricyanide is burned off with the iron from which 
it has just been separated, otherwise two basic acetate separations 
would have to be made at this point instead of one. The total 
ash contains all of the manganese freed from the lime and 
magnesia. The manganese can now be dissolved and determined 
as on page 244. (Sec also page 345.) 

* Lime and Magnesia , — The combined filtrates from the two 
manganese ferricyanide precipitations are treated with 100 c.c. 
of cone, nitric acid and evaporated to dryness. This acid should 
be added to the solution before the evaporation begins, to prevent 
as far as possible, the formation of the blue cyanides. When 
the evaporating solution reaches a certain degree of concentration 

* See also pages 135-137 for the separation of Mn from CaO and MgO 
by means of ammonium persulphate. 
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it should be watched as spraying may begin, and at this stage 
the ciisscrolc should bo covered until this action is over; the 
'cover is then removed and the evajioration continued to dry- 
ness. Thf n'sidue iii the (‘asscTolc is taken up with 100 c.c. of 
HCt and concent ratc'd to 20 c.c. aft(^ the action b(‘tw('(*n the 
acid and the salts is over. Add 1(K) c.c. of water; and pre- 
cipitate the iron with ammonia; filter; wash with water until 
the washings are freed of chloride lest obtaining filtrate (A). 
Redissolve the iron hydrate; and precipitate it again; filter; 
wash; and combine th(‘ filtrate and washings with (A). Tlu 
combined filtrates and washings are made faintly ammonia(‘al 
and the calcium is precii)itat(‘d with ammonium oxalate as in 
the analysis of limestone. The oxalates is filt(‘r(‘d, washed, and 
, reprecipitated. Tlu' two filtrat(‘s from the oxalate are com- 
bined and the magiu'sium is preci|)itat('d as givam on page 433. 

P/?o.s‘p/?ora.s.— \V(‘igh 0.500 gram of the slag into a porcelain 
dish and with it an e(pial amount of potassium chlorate; moisten 
to a thin paste with water and then pour in 50 c.c. of cone. H(d. 
Heat until all is in solution except the sihcKt acid, remove the 
cover and (‘va[)orate to dryiu^ss but not at a baking heat. 
Redissolve with 30 c.c. of comr. HCl; and add 50 c.c. of water; 
filter; wash; convert to nitrat(‘s by (waporating twice to 20 c.c. 
with 50 c.c. of cone, nitric acid; boil with a slight excess of KMn 04 
and fini.sh as for phosphorus in steel. 
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I Per fVnt 

1 Per Cent 

S 1 O 2 

19 4.") 

: MgO 

5 80 

Fe(^ 

j 1) 75 

I MnO 

9 00 

AhOs 

' 1 05 

|: Tii), 

5 63 

CaO 

47 00 

1M46 . . 

4 39 



CHAPTER IV 


Part I 

ANALYSIS OF TUNGSTEN POWDER 

Fuse 0.6 gram of the powder with a mixture of 10 grams of 
carbonate of soda well ground in a mortar with 2 grams of potas- 
sium nitrate. A complete fusion is obtained in twenty minutes. 
The melt is dissolved with water in a platinum dish. It is 
transferred to a 300 c.c. casserole and acidulated with hydro- 
chloric acid-keeping the dish covered during acidulation. The 
solution is heated for a half hour with cover on, or until all 
danger of loss by spraying is over. The cover is removed and 
the acidulated fusion is evaporated to dryness. 10 c.c. of 1 : 1 
hydrochloric acid are then added and the contents wanned until 
iron is dissolved. 200 c.c. of water are next put into the dish, 
and the solution is heated for thirty minutes to dissolve all 
sodium salts. 

The precipitated tungstic acid is filtered out and washed free 
from iron test with very dilute hydrochloric acid. It is washed 
twenty more timns to insure removal of salts. The filtrate and 
washings are again evaporated to dryness, dissolved, filtered, 
and washed as before. The second filtrate and washings are 
treated with a hydrochloric acid solution of cinchonine to remove 
the last traces of tungstic acid. (See page 131.) 

The three portions of the tungsten are burned off at a low 
red heat until bright yellow. This yellow residue is weighed; 
moistened with a few drops of sulphuric acid; 15 c.c. of HF are 
added cautiously. (If the operator by accident spills any of 
the latter acid on himself he should lose no time in soaking the 
part with ammonia. HF left in contact with the skin for any 
time causes burns that are very liable to produce infected slowly 
healing sores.) Evaporate to fumes in a good draught; ignite 
cautiously, heating the crucible from the top down until it very 
gradually reaches a low red heat. Do not blast, as tungsten 
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oxide is slowly volatile at high heats. Weigh again. The 
difference or ‘loss of weight from the first weight is the silica. 
Silicon does not exist in the elemental form in tungsten powder 
made by reduction at 1100° to 1200° (\ If tlie sample being 
analyzed is crushed ferro-timgsten, tluti the loss of weight can 
be properly calculated to silic^on by use of the factor .4693. 

Tungsten. The residue remaining in the crucible contains 
all of the tungsten, together with a little of the iron. It is fused 
with 20 grams of sodium carbonate at a bright red heat until 
all bubbling is over and the melt is in a state of quiet fusion. 
Dissolve the fusion in water, in platinum or platinum substitute 
dish. If a platinum dish is not available, a ca-sserole or porce- 
lain evaporating dish can be used. Wann gently just long 
enough to insure a complete fu.sion. Avoid long heating and 
boiling, especially if a porcelain vessel is used, as it is liable 
to be attacked. When the wat(*r in.soluble residue is light and 
floats around, the extraedion of the sodium tungstate, (d,c., is 
complete. If the supeniatant liquid is greenish, du(^ to presence 
of rnanganate, heat the extraedion with a few drops of ahaihol. 

When the green color is goiK', all of the manganese is pre- 
cipitated, and the insoluble re.sidue can be filtered out, and 
washed thoroughly with water, mixing a little paper pulp 
in with the extraction before it is filtiTcd. It will take sixty 
washings to insure the complete washing out of the carbonate 
of sodium. 

This washed, water-insoluble residue wiy contain mainly 
iron oxide in the powders of about 95 per cent tungsten, but if 
the residue exceeds a few milligrams, it should be ashed in the 
same crucible, weighed, and fusiMl with twenty times its weight 
of Na 2 C 03 ; extracted with wat(*r; filtered; washed with water; 
ignited, and weighed; its weight deducted from the first weight 
of the WO3. The remainder is the weight of the total pure WOs 
plus any oxides of tin, aluminum, and molybdenum that may 
have been weighed with the WO3, making the tungsten result 
too high unless corrected for. 

To correct for the Sn, Al, etc., make the two sodium carbonate 
filtrates and washings acid with HCl; then just ammoniacal. 
Any Al, Ta, Nb, Sn that have gone into solution will now be 
precipitated. Filter off the flocculent precipitate, if any; mix 
in a little paper pulp before filtering, wash it at least sixty times 
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with water containing; 5 grams of NH4>I()3 per 500 .c.c. Ignite 
it; weigh it and deduct the weight from total weight of the first 
crude silica-free WO3, after first deducting the double fused iron 
oxide as before described. If the ammonia precipitate weighs more 
than a milligram or two, t!t may contain some tungsten, conse- 
quently the deduction for Al, etc., will have been too gr6at and 
this precipitate must also be fused with twenty times its weight 
of Na2C03; acidulated with HCl; heated until all is in clear 
solution and cinchonine added to the only moderately acid 
solution. This solution should be allowed to stand over until 
the next day. If any precipitate forms it is tungsten, and must be 
filtered off; washed with cinchonine at least sixty times; ignited; 
weighed, and added to remainder obtained after deducting from 
the first crude WO3, the double fused iron and manganese oxides 
and the crude AI2O3, Sn02, etc., before mentioned. This net 
amount will be the weight of the pure W()3 plus any M0O3 
that may have been present. To correct for the Mo()3, the ammo- 
niacal filtrate from the crude AI2O3 plus Sn()2, etc., is treated 
with 4 grams of tartaric acid to hold the tungsten in solution. 
It is then made slightly acid with HCl and saturated with H2S. 

Any brown precipitate is filtered off; washed with H2S water 
at least sixty times; ignited in a porcelain crinablc at the lowest 
possible heat — just below redness; then the heat raised slightly, 
if necessary, to burn out all of the paper char. Weigh this residue, 
which will be a whitish ash unless some copper be present, when 
it will persist as a^J^lackish residue. Deduct its weight from net 
amount of the pure W()3 plus Mo()3, and the remainder will 
be the final weight of the pure WO3, from which the W is obtained 
by the factor 79.31. This product divided by the weight taken 
gives the p(‘r cent of tungsten in the sample. 

Rapid Method for Tungsten. — Weigh 1 gram of metal into a 
platinum dish.* Add 10 c.c. of pure hydrofluoric acid. Cover 
with a lid. Warm in a good draught. Remove from fire. 
Add three or four drops of cone, nitric acid. Violent action 
occurs at this point, (k^ntinue to add nitric acid a drop at a 
time until further additions of acid produce no action. This 
will take, in all, about 5 c.c. of cone, nitric acid. Remove the 
lid, rinsing off its surface, permitting the washings to flow into 

* Or a platinum substitute dish, of which there are several kinds that 
will answer for such work. 
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it. Add 10 c.c. cone, sulphuric acid. Evaporate to thick fumes 
of SO 3 . * Cool, moisten with 10 c.c. of cone, hydrochloric acid. 
Add 10 c.c. of water, transfer the contents of the dish to a GOO c.c. 
casserole, gnd heat to hoilinj^ with constant stirring to prevent 
buin^ing. C/Ool. Filter. Wash with# 1 : 10 hydrochloric acid 
until free of iron test. Ignite' and weigh the tungstic acid as 
trioxide. Fu.se the latter with sodium carbonate and finish as 
in the first method. This rapid scheme is a modification of 
Arnold and Ibbotson’s method. (See, Arnold and Ibbotson’s 
“ Steel Works ’’ Analysis, 1907.) 

Iron and Sulphur in Tunustf.n Powdkr and Ferro-tungsten 

Iron.~Fu the finely ground sam|)le m a powdered mixture 
of 20 grams of sodium (‘arbonate and \ grams of niter. Dissolve 
the mixture out in water in a peirce'lain dish or casserole, (dean 
the crucible with a little HCd until all stains are gone. Rinse 
all cleanings into the lish Acidulate the fu.sion with HCl and 
evafiorate the contents of the dish to dryne.ss, but do not ))ake. 
Take up in HCd and water, heating until all .salts are in solution. 

Filter out all separated tungsten trioxidi'. Wash thoroughly 
with HCl wash water. Evaporati' filtrate and washings again 
to dryness. Take up as before; filter and wa.sh. Combine the 
two sets of filtrates and washings which will (‘ontain the bulk 
of the iron and all of the .sulfihur. Burn off the two residues 
on the two filter pa[)ers until frc'i' of paper char. The ash will 
contain the bulk of the tungsten pn'sent and a little of the iron. 
To obtain this part of the iron the ash must be fused with twenty 
times its weight of .sodium carbonate until a quiet fusion is 
obtained. This should be done at a bright red heat. 

Dissolve the melt out in water in a ca.s.serole as in the first 
fusion. When the small brown residue Goats around, it is well ex- 
tracted and can be filtered off. Washed thoroughly with sodium 
carbonate water and then with water alone. To insure the complete 
removal of the tungsten, which is e.ssential, the ignited residue 
should be fused again as before; dissolved out in water; filtered 
off; washed with water thoroughly; then dissolved off the filter 
with hot HCl; the filter washed free of iron test, and the filtrate 
and washings added to the two sets of filtrates and washings 
which were previously mentioned as containing the bulk of the 
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iron and all of the sulphur. This total combination of filtrates 
and washinpjs will contain all of the iron and sulphur and some 
tungstic acid still in solution. Make these filtrates, etc., slightly 
ammoniacal; heat; filter out the iron; wash it thoroughly with 
water. Keep the filtrate ^and washings for the total* sulphur. 
Ignite the washed iron hydroxide; dissolve it out with HCl; 
pour the solution into dish; rinse the crucible out well into the 
dish; evaporate all to diyness; take up in the least amount of 
water and acid; heating until all is in clear solution except some 
yellow precipitate of tungstic acid that is almost certain to sepa- 
rate out here. This must be filtered out; washed; the filtrate 
and washings evaporated to fumes with about 30 c.c. of 1 : 3 
H 2 SO 4 taken up by heating with some water and about 10 c.c. 
more of the sulphuric acid. 

This should be again filtered if it shows any turbidity of 
tungstic acid; the filter washed free of iron test with sulphuric 
wash. The filtrate and washings should now be free of tungsten 
and contain the total iron. Evaporate to 100 c.c. volume and 
pass the solution through the zinc reductor and titrate with 
the permanganate standard used for the determination of iron 
in graphites if the percentage of iron is small as in a powder, 
but if the sample is a ferro an aliquot part of the solution should 
be reduced and titrated with the permanganate standard of 
the strength used in iron ore. (See page 39.) 

Sulphur.— The filtrate and washings last referred as to be 
kept for the total sulphur should be treated with a cinchonine 
solution, using 20 of the solution, which is made by dissolving 
25 grams of cinchonine in 200 c.c. of 1 : 1 HCl. Let the solution 
of this sample stand several hours after being treated with the 
20 c.c. of the cinchonine. If any precipitate forms, it must be 
filtered off and washed with a wash consisting of 10 c.c. of 
cinchonine solution dissolved in 500 c.c. of water. Heat the fil- 
trate and washings and add about 30 c.c. of a saturated solution 
of barium chloride. Let stand overnight, and finish for sulphur 
as in plain steels, weighing the barium sulphate. (See page 335.) 

Total Sulphur by Evolution.— The best and easiest way to 
get the total sulphur in tungsten powder, ferro-tungsten, oxide, 
etc., is to heat 1 gram or less of the substance in the finely powdered 
state in a tapered clay combustion tube at a temperature of 
950° C. in a stream of hydrogen saturated with HCl. The 
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evolved H2S is caught in an amnioniacal solution of cadmium 
chloride and finished exactly as in plain carbon steel. (See pages 
122-129.) In this same way the total sulphur is evolved from 
such sulphates as BaS()4 Na2S04, CaS04, as hydrogen sulphide, 
b3^the following reaction: # 

BaS04 +2nCl -fSH = BaCl. + H.S -f 4H2O. 

Blanks . — Blanks must ho nm for iron, and sulphur on the same 
amounts of all chemicals and acids used, and for silirai, and 
deducted. The reagcmts are almost certain to be contaminattal 
with all of these elements. 

It has been pointed out that sodium carbonate may contain 
enough iron to make an appre(‘iable (Tror in the tungsten dettr- 
mination by reason of deducting from the crude WOj, not only 
the iron that existed in the same but also that which contami- 
nated the sodium carbonate u.sed in the fusion. The remedy is 
to subtract the amount of iron and alumina in the carbonate 
from the total iron and alumina found, before deducting the 
lattei from the crude W().{. C'redit is due to Mr. Geo. M. Berry 
for emphasizing this point, which is one phase of th(‘ g(*neral neces- 
sity of running blanks on all reagents that oiu; uses for any 
analysis whatsoever. 

Phosphorus.—'Vhii author has found that the practice of 
decomposing tungsten-bearing materials by fusing them with 
a mixture of sodium carbonate and p(dass^um nitrate, leaching 
out the fusion, acidulating with hydrochloric acid, removing the 
tungstic acid by several evaporations to dryness, and then using 
the filtrate and washings from the tungstic acid for the deter- 
mination of the phosphorus, gives far less than the actual per cent. 

The method that he now uses together with the proof of the 
accuracy of the same, he first published in the Journal of Ind. 
and Eng. Chem., Vol. V, No. 4. The full description of his 
method can be found on piiges 90-93. 

Manganese— Fu^e 0.100 gram with 2 grams sodium carbonate 
and 0.5 gram of niter. Remove tungsten by one evaporation 
to dryness. Dissolve in 5 c.c. 1 : 1 hydrochloric acid; filter; 
wash; evaporate to fumes with 10 c.c. 1 : 3 sulphuric acid. 
Dissolve in 10 c.c. of water; wash into a 10 by 1 inch tube; 
dilute to 20 c.c. with water. Add 10 c.c. concentrated nitrio 
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and finish as in steels. Accurate to 2 per cent if 0.050 gram 
is taken for analysis when the manganese exceeds 1 pel* cent. 

For higher per cents of manganese fuse 1 gram and remove 
tungsten by one evaporation. Convert the filtrate into sul- 
phate; rinse it into a liUV flask and proceed as given for <high 
manganese in above 2.00 per cent Mn. (See page 345.) ' 

Molybdenum in Tungsten Powders . — Fuse 1 gram as for 
tungsten. Dissolve the melt in as little water as possible. 
Filter. Wash with sodium carbonate water. Add to the filtrate 
and washings 4 grams of tartaric acid. Then make the filtrate 
very slightly acid with hydrochloric acid. Warm. Pass H 2 S 
for an hour, or until the brown sulphide settles well. Filter off 
the sulphide. Wash it thoroughly with H 2 S water. Ignite the 
precipitate at a very low heat 550° C. until white or bluish white. 
If it looks yellow, fuse it with a little sodium carbonate; dissolve 
the melt in water; add a crystal of tartaric acid and proceed 
as before with H 2 S. 

When the bluish white molybdenum trioxide is obtained, 
multiply its weight by O.GOGG after deducting the silica, etc. 
(See Molybdenum in Steel.) The methods given for tungsten 
powder apply also to ferro-tungsten. 

Magnesia and Lime in Ferro-tungsten and Tungsten Powder. 
— Weigh 1 gram of sample in 3-inch platinum dish with platinum 
cover or in a palladium-gold substitute dish. Add 10 c.c. hydro- 
fluoric acid and warm. Using a glass tube of moderate bore, 
add cone, nitric f^cid, drop at a time, keeping the dish covered 
as much as possible because of brisk action taking place, until 
no further action is observed. 

Add about 1 c.c. HNO;i in excess, remove lid and rinse thor- 
oughly with distilled water; then add 10 c.c. H2SO4 (1.84 sp. gr.) 
by distributing it in drops over the contents of the dish, which 
should become clear due to perfect solution. 

Place dish on graphite bath over moderate flame at first; 
evaporate low, at which stage yellow tungsten trioxide pre- 
cipitates; increase flame under bath and take to heavy SO 3 
fumes; cool; cover with a watch glass; then add 25 c.c. HCl 
(1 : 1), small quantity at a time because of violent action. 

Heat for twenty minutes on graphite bath with moderate 
flame, dilute to about 100 c.c. with distilled water; stir for a 
few minutes; then transfer contents to clean 400 c.c. beaker. 
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Rinse dish with 1/10 HCl, Wcosh, removing any adhering tungstic 
oxide, using a little ammonia in the dish for the purpose if neces- 
sary. Volume in beaker, about 150 c.c. Heat for about ten 
minutes oti bath with occasional stirnng, to insure solution of 
all soluble' salts. Filter on double ll cm. asbless fillers, and 
wash fifty tunes with F 20 IK'l wa.sh. Tin* tungsten precipitate 
is quantitative. It should be burned off to free it from the 
paper; fused with 10 grams of sodium carbonate; dissolved out 
in water; the w’ater-insoluble filtered out, first wanning it with 
alcohol if th('re is any green manganate present; w^ash the' filter 
thoroughly with carbonate wat(T; then dis-solve the water-insol- 
uble off the filter with some hot 1 : 1 H('l, as it may contain 
some lime, manganese, and magnesia; wash the filter; add 
the filtrate and washings to the main filtrate from the tungsten. 
This mam filtrate will now contain all of the lime, manganese, 
and magnesia and iron in the sam|)l(‘. 

The w'hole of th(^ filtrate; may be used for t he lime and magnesia, 
or it may be divided as follows: After diluting to 500 c.c. and 
thoroughly mixing the dilution: 

50 c.c. = 100 mg. for manganese; 

200 c.c. =400 mg. for cinchoniiK' pptn. of traces of tungsten; 

250 c,c. = 500 mg. for lime and magnesia. 

Make the total filtrate from the tungsten to which 
the solution of the iron, etc., from the crifde WtF has been 
added as dc'seribed, slightly ammoniacal. Ihiil two minutes; 
filter off the iron, etc.; wash it with water; n'dissolve it in hot 
1 : 1 HCl; wash the pa])er from which it was dissolved free of 
iron test. Reprecipitate the iron as before with a slight excess 
of ammonia; filter; wash with water. (Vjmbine the two filtrates 
and washings from the two ammonia precipitations. Make the 
combined filtrates slightly acid with HCl; evaporate to about 
250 c.c. Add 20 c.c. of a saturated solution of ammonium 
oxalate to the evaporated solution; make slightly ammoniacal; 
heat to boiling. Let stand .several hours, preferably overnight. 

Filter on double 9 cm. paper, catching filtrate in 800 c.c. 
beaker. Wash until free of chlorides, with ammonium oxalate 
wash (10 c.c. saturated solution of ammonium oxalate to 500 c.c. 
Witter). Burn off with a low flame in a weighed platinum crucible; 
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then increase flame; finally, using blast lamp to constant ^weight. 
Weigh as CaO. 

To free from traces of WO3 and 8i02 dissolve residue in 
crucible in 10 c.c. 1 : 1 HCl; filter on a small pa^r; wash 
with 1/10 IICl wash; burn off; weigh and deduct. 

Reprecipitate the lime in this filtrate as before; wash it; 
weigh it again as a check. The oxalate filtrates and washings 
from the two lime precipitations should be combined for magnasia. 

Magnesia. — Evaporate these two filtrates and washings to 
about 500 c.c. volume. Add 20 c.c. of a saturated solution of 
sodium ammonium phosphate. Stir and add 150 c.c. ammonia 
(0.90 sp. gr.). Let stand overnight; filter on double 9 cm. 
paper, washing free of chloride with the following wash; 10 c.c. 
ammonium nitrate, 50 c.c ammonia (0.90 sp. gr.), diluted to 
500 c.c. with distilled water. Burn off in a weighed platinum 
crucible over a low flame. When black particles have disap- 
peared raise the flame and burn until white. If discolored, purify 
as directed under lime. Residue is weighed as Mg2P207. Mul- 
tiply by 36.20 to calculate to percentage of MgO. 

Run blanks on all of the foregoing. 

Carbon. — The carbon in tungsten powders can be deter- 
mined by burning the latter in the electrically heated furnace 
without any aid to the combustion other than the oxygen. The 
heating in the stream of oxygen should be continued for forty- 
five minutes. Fcrro-tungsten should be as finely powdered as 
possible. It is mixed with four times its weight of red lead or 
peroxide of lead to insure complete combustion and the burning 
should be continued for thirty minutes at least. Blanks must 
be determined on the oxide of lead used, and deducted from the 
total CO2 found. (Sec Chapter XI, page 257.) 

Sulphur by Fusion in an Iron Crucible. — Sulphur can be very 
accurately determined by fusing in an iron crucible 1 gram of 
the tungsten powder or the ferro-tungsten with 15 grams of 
sodium peroxide mixed with 7 grams of sodium carbonate. 

The melt is dissolved out in water, in a casserole, and evap- 
orated to dryness after adding an excess of HCl. Proceed from 
this point to remove the tungsten, as given on page 76, until 
the last traces of it have been precipitated with cinchonine. 
The filtrate from the cinchonine tungstate is then precipitated 
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with barium chloride and the sulphur finished as given for steels 
(page 335). Hun complete blanks including every operation, 
’If the cinchonine contains excessive amounts of sulphates, as is 
sometimes the case, these can be removed by washing the crystals 
on porcelain colander with distillecf water until the washings 
no longer give a precipitation with barium chloride solution. 
This may cause some loss of the cinchonine. A sulphur deter- 
mination of any tungsten compound should, without fail, have 
this cinchonine treatment to remove last traces of the meta- 
tungstate, otherwise the latter tungstate will contaminate the 
barium sulphate, frequently causing serious error. See also 
evolution method in a hot tube in a stream of hydrogen and 
HCl vapor, at 950° C. (See page 122.) 

The Determination of Oxyoen in Metallic Tungsten 
Powder and Some Notes on the Determination of 
Oxygen in Sieel 

It has been found a distinct advantage both in the manu- 
facture and use of tungsten powders to know their oxygen 
content. In one of the laboratories under the author’s direc- 
tion, this detemiination is a matter of daily routine. The 
method involves the same principle used in the detemiination 
of o.xygen in steel, i.e., the ignition of the substance in a stream 
of hydrogen, which method is credited to Ledebur. 

The electrically heated furnace introduce^ by the author* in 
1908 for the direct determination of carbon in iron, steel and 
alloys is utilized in the process which is described in detail in 
this paper. 

Walker and Patrick,! in a paper read at the Eighth Inter- 
national Congress of A^iplied C^iemistry, attack the accuracy 
of the Ledebur method on the ground that any oxides of man- 
ganese or silicon present in the stei;! would not be reduced. The 
author regards the Ledebur method as more practical than the 
proposed new one f above noted; even if the foniier process 
does not reveal the total oxygen present it certainly shows 

* J. Am. Chem. Soc., 30, 773. 

t Proc. 8th Intern. Cong. Appl. Chem., 21, 139; also Ind. and Eng. 
Chem., 4, 799. 
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enough of it to furnish a basis for judgment of the quality of 
the steel. If the steel is sufficiently dirty and poorly melted 
in actual, open-hearth, Bessemer, or crucible practice to contain 
oxides of manganese and silicon, then it would surely contain 
enough oxide of iron to condemn it. 

The arrangement of apparatus is indicated in the drawing and 
the accompanying notes. The towers (or jars), page 85, are the 
author's design, as are also J, / and C, and were used first as 
part of a combustion train.* In this labnratory four furnaces 
are placed side by side. By the u.se of a Y tube at the outlet of 
jiiv F, Fig. 1, one train from F to K can be made to serve two 
furnaces. t Of cour.se, a separate set of A, B and C is necessary 
for each furnace. If, after making a large number of deter- 
minations, the blank begins to show a gradual increase, the 
contents of the various jars must be renewed. 

Method. — Blaiik . — Before introducing anything into the 
electric furnace, close all points marked “ screw pinchcock." 
At B, Fig. 1, make a connection with a straight glass tube instead 
of the U tube shown. Insert quickly into the quartz tube (at 
the point marked E) the porcelain boat that has been kept at 
105° C. in an air bath. Push the boat into the center of the 
furnace with a heavy copper wire which is marked to show how 
to place the boat in the hottest part of the furnace. Stopper 
the tube as quickly and tightly as possible. Open all four pinch- 
cocks and turn on the hydrogen slowly until it passes through 
the apparatus abrthe rate of about .seventy bubbles per minute. 
Allow the hydrogen to pass through the cold furnace for thirty 
minutes. Close all the pinchcocks and replace the glass tube 
at B by the U tube. Open all cocks and let hydrogen run for 
another half hour to fill the weighing apparatus with this gas. 
Close all pinchcocks and the glass cocks on the U tube. Remove 
the U tube and weigh it quickly. Insert the U tube again, 
open all cocks and start the hydrogen flow; turn on the electric 
current in the furnace and bring up the temperature to 950° to 
1000° C. After reaching this temperature keep the heat on 
for two hours with the hydrogen passing continually. Close all 
pinchcocks, shut off the hydrogen, and close the glass cocks on 

♦ J. Am. Chem. Soc., 28, 862. 

t See photo No. 1. 
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the weighing apparatus B. Detach and weigh B. The differ- 
ence between this weight and the first weight represents the 
blank to be deducted from all determinations. 

Sample . — Dry the finely ground powder of the tuagsten metal 
to constant weight at l(/5° C. Put 2 or 3 grams of the powder 
into a porcelain boat that has been dried at 105° C. Place 
this in the cold furnace and stopper tightly at E. Using the 
glass tube connections at B, open the pinchcocks and allow 
hydrogen to pass through the cold furnace for one-half hour to 
remove whatever air entered when the charge was inserted. 
Close all pinchcocks and replace the glass tube by the weighed 
U tube at B. 0{)en all cocks, adjust the hydrogen flow to seventy 
bubbles per minute and turn on the electric current, heating the 
furnace to from 950° to 1000° C. Maintain this temperature for 
two hours with the hydrogen passing. Close all cocks and turn 
off the hydrogen. Remove and weigh the U tube. The increase 
in weight minus the blank gives the amount of water formed by 
the reduction of the metallic oxides to metal. This result multi- 
plied by 10 and divided by 18.016 is equivalent to the weight 
of oxygen which is converted into percentage by the usual calcu- 
lations. 

Standardization of Apparatus . — With C.P. Tungstic Oxide . — 
This material is prepared as follows: Treat 5 grams of 96 to 98 
per cent tungsten powder in a platinum dish with 10 c.c. c.p. 
hydrofluoric acid. Pour on this mixture very slowly 30 c.c. of 
concentrated nitrjc acid. This produces considerable heat, and 
the material is dissolved as clear as water. Now add 15 c.c. 
of concentrated sulphuric acid, evaporate to thick fumes, cool, 
add from 10 to 20 c.c. c.p. hydrochloric acid, boil, from three 
to four minutes, add 50 c.c. of water, heat, filter, and wash free 
from iron and sul])hates by decantation in a 600 c.c. beaker. 
Transfer to a platinum dish, ignite at a bright red heat m a 
muffle, and put in a glass-stoppered bottle. Before using any 
of this material for a test, ignite a portion of it at a blast lamp 
temperature. Immediately after the blasting put 1 gram of the 
oxide in a porcelain boat dried at 105° C., and charge it at once 
into the furnace. It will require at least six hours treatment 
at 950° to 1000° C. to reduce this amount of oxide and carry all 
of the water fonned over into the weighing apparatus. 
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With Ferric Oxide . — Dissolve 10 ^riiiiis of low carbon steel of 
very low phosphorus, sulphur, and silicon content in' 100 c.c. 
hydrochloric acid in a liliM- beaker. Transfer this to a No. 7 
porcelain dish and evaporate to 10 c.c. Add 100# c.c. nitric 
acid and evaporate to 2(f'c.c. Add 50 c.c. of concentrated Citric 
acid, and evaporate to dryness. Place the dish in a uiiiffie and 
heat to redness. Cool, dissolve in 50 c.c. hydrochloric acid, 
add 50 c.c. of water, evaporate to small volume, filter out insol- 
uble matter, such as .silicii; acid, and precipitate with filtered 
ammonia. Wash the precipitat(‘ by decantation until fri'c from 
chlorides, dry in a porcelain dish, heat to ri'dness and pla(‘e 
in a stopperi'd bottle. Blast a portion of this for three or four 
minutes, transfer 1 f^ram (piickly to a porcelain boat, and place 
at once in the reduction furnace. Iki.ss hydrogem for six hours 
after the furnace reaches 950° to 1000° C. 


TABLE 1— RESULTS OBT.VINi:!) B\' AVVAHXTVH DESCRIBED 

Pure coiitaiiis 20 ()9 [ht cent oxygon. 

1 urani gave 20 70 per (.‘('ill oxvKeii, 

0 2.50 uram 20 SO |)er (‘(ait ()\y^(ai. 

0 .500 gram gave 20 30 per cent oxygiai. 

Av('rage, 20 (>() per cent pins 
Pure I'VjOa, contains 30 0() p(a‘ cent oxygen. 

0 .500 gram gave 30 10 iht cent oxygen. 

Blanks, 0 0030 and 0 0030. 


The Effect of Free Carbon on the Method.— It is an advan- 
tage to have some excess of free carbon in finished tung.sten 
powder, and, at times, in the proctxss of iminufacturc, it is 
necessary to know the amount of oxygen presimt in a powder 
that contains as much as 3 or 4 per cent of charcoal. Some 
tests were made to see if the reaction WOj-f 3C = W’-f3(T) 
might not occur at the same time with the dixsired reaction 
WOaTGH = W-I- 3 II 2 O. Table II shows that thi' pi'esence of 
excessive amounts of fn'e carbon caused no material error in 
the case of the pure tungsten oxide, but did cause low r(‘sults 
when the carbon content exceeded 5 per cent in the iron oxide. 
A curious feature is that 30 per cent of free carbon caused 
practically no lower result than the addition of 10 per cent. 
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TABLE II— KESn/rs OHTMXED WITH MIXTHRE.S OF OXIDES 
AXl) OIIARC'OA-L 


Gk\mh ok 

• 

M|\T t Hh 

Pen < n( ,tuc 
< »x> 

Pcr< rn(iin<' 

§ round 

Pi'roontiiKO 
( ’iirboii 

ftOj 

('iiiif ( oal 

1 lu'orrt i< III 

Prt'Seiit 

0 .a 14 

0 201 

20 00 

20 ,47 

20 0 

0 :m 

t) 000 

20 i;o 

10 SO 

24 0 

0 too 

0 oso 

20 00 

20 .42 

10 7 

0 oOO 

I’V..( )j 

0 000 

20 00 

20 rui 

U) 7 

0 aTS.-) 

0 (MM) j 

.40 00 

20 St 

X()ii(‘ 

0 t7:i 

0 20S 1 

.40 00 

27 .47) 

40 .4 

0 KM) 

0 122 

.40 00 

2S OS 

24 4 

0 :i(M) 

0 oso 

.40 00 

27 .44 

24 0 

t) :)(M) 

0 02.‘) 

40 00 I 

20 0.4 

1 7 

0 .")00 

1 

0 ().'>() 

40 Oti 

27 S2 

0 7 


Tli(' following shows (ho amounts of oxy| 2 ;en found in 

tlu' varioiis bi'Miids of lun^slon powders mad(‘ both in tlH‘ I'. S. 
and abroad. Each nuuHM’al r(‘pr(‘s(‘n(s a dilTcrimt mak(*. 

Th(* reduction was particulaily poor in the si'coml lot 
reeiMved from the (lerman manufacturer d(‘si^;nat(*d as II (No. 2 
in his s(a‘ond shipnu'nt ). When so much oxid(‘ is prisimt it 
can be ('asily (h'h'eled by th(‘ eye, Ixani; (‘(juivakmt to 10.92 
per cent of tungstic oxidia Such so-ealhal metal has a distinct 
brown color. 


TMiLE lil • 


Maku 

Imported or Dono h(i< 

Oxjuen Found 

C'onrtiKninent 



P( r ('cut 


I . . 

(Icrnijin 

1 02 


II 

( lerman 

1 10 

Xu. 1 

II 

( lerinan 

2 20 

Xo. 2 

III . 

( lerman 

0 IS 


IV 

( lerman 

0 .44 


V 

Amt'nean 

0 37 

No. 1 

V 

American 

0 47 

No. 2 

V 

American 

1.24 

No. 3 

VI 

American 

0 SO 


VII 

American 

0 4.4 


VII 

American 

0 08 


VII 

.\merican 

0 07 
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The Decarbonization of Steel When Ignited in a Stream of 
Hydrogen for the Oxygen Test. — In 1909 the ’ writer called 
attention to the fact that hydrogen will produce a bark, or decar- 
bonized surface, on steeLs when the latter are heated jn a current 
of this gas. Suppleineni,ing this statement * the following tests 
were made on three steels that were analyzed for oxygen: 


TABLE IV 



(JratiiH of 
t OrilUnt^s Tiikrii 
for till- ( )\VKen 
T.'Ht 

No of Hours 
Ijinited in 
UydroKfU 

PtllCENTAOK C/ 

Befou* Ignition 

iRBON Content 

Af'ier Ignition 

Sample I 

9 0 


1 04 

0 90 

Sample 11 

IG 0 

31 

1 08 

0 83 

Sample 111 

_ 1 

19 T) 

31 

0 83 

0 70 


In the foregoing nudhod no prelieating furnace or tube is 
used such as was recomnu'nded by L(‘debur in his ‘‘ Leitfaden 
fill’ L]isenhiitten-Lal)oratoricn ” and adopted by others who have 
since written on this or similar subjects, thus simplifying matters 
to that (extent. Also, concentrated sulphuric acid is omitted, 
entir(‘ly, eliminating th(‘ i)ossibility of unpleasant, not to say 
dangerous, accidents from this source. 

The introduction of an alkaline .solution of pyrogallol into the 
purifying train w;es made at the suggestion of Mr. Simon Lubow- 
sky, in July, 1912, when working under the author's direction. 
The latter adopted his suggestion as did Mr. McMillen,t of 
The Crescent Steel Works, who was the first to apply the elec- 
trically heated furnace, introduced by the writer, to the deter- 
mination of oxygen. 

Photo No. 2 shows a battery of four of the writer's furnaces 
which he designed some years ago and published in the Met. 
and Chem. Eng. The construction is very simple, consisting 
of a split-heat insulating cylindrical muffle, of infusorial earth; 
a heating element of nichrome wire wound on a collapsible 

'See “The Formation of White Scale on Steel and the Surface Decar- 
bonization of Pipe-annealed Steel,” page 423. 

t Met. and Chein. Eng , 11, No. 2; also J. Ind. and Eng, Chem., Feb., 
1913. 
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Photo No. 2. 

mandrel, and covered with alunduni cement. These furnaces 
are arranged in a suitable traiii for the determination of oxygen 
in tungsten powder or in stecT 

The Preparation of the Steel Sample for the Determination 
of Oxygen.— The steel should be first tlioroughly ground and 
polished free of all rust and scale as a ver;^ small parti(!le of 
either oxide would seriously impair the accuracy of the work. 
The drill should be also free of rust-, greiuse, and scale. The 
drilling should be proceeded with slowly so as not to overheat 
the sample as this will cause oxidation. Any blue- or gold- 
colored drillings present indicate overheating during the drilling 
or milling of the samples and any such should be rejected. 
The coarse drillings are also rejected; and only those drill- 
ings that will pass a 20-mesh screen and will not pass a 
30-mesh one are used, unless the drillings are very thin. Ten 
to 20 grams of sample are taken and the work is carried out as in 
the tungsten powder. The drillings are kept over anhydrous 
calcium chloride until used. The great danger about the whole 
operation is that improper sampling may cause oxygen to be 
found that does not exist in the steel. The drillings are heated 
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at 950° to 1000° C. for two hours in the apparatus shown on 
pages 85 and 89, Fig. 1. and photo No. 2. 

The Determination of Phosphorus in Ferro^tungsten 
Metallic Tungsti^^^ Powder, Tungsten Oxide %\.nd 
Tungstic Acid by Direct Solution 

The author found in the course of an investigation that the 
practice of decomposing tungsten-hearing materials by fusing 
them with a mixture of sodium carbonate and potassium nitrate, 
leaching out the fusion, acidulating with hydrochloric acid, 
removing the tungstic acid by several evaporations to dryness, 
and then using the filtrate and washings from the tungstic acid 
for the determination of the phosphorus, gave far less of the 
latter element than was actually present. He then devised the 
following method which he has found to give near enough to 
the true phosphorus for tc(;hnical purposes 

Phosphorus in Ferro-tungsten. — Add 30 c.c. of concentrated 
nitric acid to 1 gram of the powdered sample, in a platinum 
dish; then add slowly 3 c.c. of c.p. hydrofluoric acid. Keep 
the dish covered with a watch glass; warm the mixture. After 
warming and slight boiling, the material should dissolve to a 
clear solution. Transfer the solution to a No. 5 porcelain dish 
and evaporate to dryness; do not bake, as there is danger of losing 
phosphorus at this point. Dissolve this residue with 50 c.c. of 
concentrated hydrochloric acid. Heat with the lid on; then re- 
move the lid and evaporate to dryness; do not bake. Dissolve 
again, using 20 c.c. of concentrated hydrochloric acid; heat; 
add 50 c.c. of water, stir, heat, and filter out the main tungsten; 
wash with one part of concentrated hydrochloric acid diluted 
with twenty parts of water. Evaporate the filtrate and wash- 
ings to 10 C.C., add 20 c.c. of water, stir, and filter as before. 
Evaporate to 10 c.c., add 75 c.c. of concentrated nitric acid 
and heat with the cover on until all action is over; remove the 
lid and evaporate to 20 c.c. Add 50 c.c. of nitric acid, and evap- 
orate to 15 c.c. Add 20 c.c. of water, stir, heat, and filter into 
a 6 oz. beaker; wash with 2 c.c. of concentrated nitric acid diluted 
with 100 c.c. of water, washing fifteen times. Evaporate the 
filtrate and washings in the beaker to 40 c.c. Replace the lid 

See J. Ind. Eng. Chem., Feb. 7, 1913. 
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and add a slight excess of 5 per cent solution of potassium per- 
manganate; boil three or four minutes. Dissolve the excess of 
manganese oxide with a little ferrous sulphate, and precipitate 
the phospborus with molybdate solution. 

When dissolving ferro-tungsten in Aie mixture of nitric and 
hydrofliioric acids, a porcelain dish can be used, but a little 
more hydrofluoric acid may be lU'eded to secure complide solu- 
tion of the alloy on account of the tendency of the latUu* acid 
to attack the dish. Further, when a porci'lain dish is used, 
blanks must be run, using a standard steel. The latter is <lis- 
solved in the miiiurc of the two aiads and t he j)hosphorus deter- 
mined, using the porcelain dish. If the standard is found to 
run higher than it should, the dcMluction necessary to correct 
it constitutes the blank to be subtracted fiom the pluisphorus 
found in the sample. 

Any method with which the writer is acquainted, using a 
carbonate and niter fusion of materials containing tungstem for 
the purpose of obtaining tlu' percemtage of phosphorus tlun’i'in, 
gives only a fourth, or less, of th(‘ actual contimt of the latter 
element. The following results are only a few of thos(‘ obtained 
in this laboratory and are given in proof of the above statement.: 


COMPARISON OF FUSION AND EXTRACTION MJOTHODS 


Sample. 


Ferro-tungsten No. 18 j 

A high phosphorus i)ig iron (0.73 per rent P) j 
0 5 gram tungsten powder (98 per rent pure) 
per gram of iron . . 


IVrronlaKc, 
\ul lior’i 
lOxlraotJon 
MeUuxi 


PlK»8!>linriih 
Koiiiul l)v 
I‘'uHU)n with 
NajCOa+KNO, 


- — 
0 322 
0 350 
0 315 
0 330 


0 000 
0 088 


0 70 


0 098 
0 095 


“ Tungsten cake ” . . j 

Tungsten powder oxidized to WO 3 at low red| 
heat before extraction , I 


0 101 
0 102 

0 113 


0 008 

0 007 


Phosphorus in Tungsten Ores. — Here the procedure differs 
only in the manner by which decomposition is effected. Grind 
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the ore to the finest possible state of division; extract at nearly 
boiling temperature with 100 c.c. cone, hydrochloric acid in a 
No. 5 porcelain dish. About every thirty minutes, add 0.1 gram 
additions of KCIO3; on each addition of chlorate stir the sample 
off the bottom of the dish With a glass rod. Continue the hat- 
ing, addition of chlorate, and stirring until the tungsten ore has 
changed from a brown color to yellow in case of the dark ores; 
or from a light gray or brown to a very bright yellow in case of 
scheelite ore. Evaporate to dryness; cover; add 50 c.c. con- 
centrated HCl; heat ten minutes to dissolve the iron and man- 
ganese; add 50 c.c. of water and heat fifteen minutes to allow 
the tungstic acid to separate well; cool and mix in some paper 
pulp. Filter through a double filter; wash with one part of 
hydrochloric acid diluted with twenty parts of water. Evap- 
orate the filtrate and washings to 5 c.c. and add 75 c.c. of con- 
centrated HNO3; heat with the cover on the dish until all red 
fumes are gone and no further spraying occurs; remove the 
cover again and evaporate to 10 c.c.; add 50 c.c. of concen- 
trated nitric and evaporate to 10 c.c. again; dilute with 15 c.c. 
of water and mix well. Filter into a 6 oz. beaker; wash with 
a 1 per cent by volume solution of nitric acid, fifteen or twenty 
times. Evaporate the filtrate and washings to 40 c.c. in the 
beaker; boil with a slight excess of pemianganate solution. 
Add just enough ferrous sulphate to clear the excess of the 
hydrated oxide of manganese and boil again five minutes. Add 
50 c.c. of molybdatj^ solution to the hot fluid in the beaker and 
finish the analysis as in phosphorus in steel. 

By careful heating and small additions of the chlorate, 
together with further applications of acid, if necessary, many 
dark ores can be so completely decomposed as to attain a clean 
orange color. The more complete the decomposition, the more 
perfect will be the extraction of the phosphorus. The hard 
black ferberites are the slowest to yield and take on the yellow 
color. The decomposition can be done to the best advantage 
at a low digesting heat and will require at least five or six hours. 

This somewhat lengthy method is the only one that the 
author has found reliable, thus far, for technical purposes in 
tungsten ores. The latter may contain all the way from slight 
traces up to 0.500 per cent phosphorus. The fusion method 
with these ores gives just as low results as with the ferro-tungsten. 
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The cause of the low results is the formation of phaspho-tungstio 
acid; this is carried from the solution with the main tungstic 
acid that forms when the sodium tungstate is decomposed by 
acidulati^n and evaponition with aeidj 

Phosphorus in Metallic Tungsten Powder, Tungstic Oxide 
and Tungstic Acid. — Ignite the tungsten powder at a red heat 
with frequent stirring until it is all converted to the yellow 
oxide. Then extract exactly as in tungsten ore for at least six 
hours and finish according to the ore method. 

The original oxidation is best accomplished by weighing the 
sample into the dish in which the extraction is to be made and 
then placing dish and all in a muffle which is at a low red hc'at. 

Tungstic acid and oxide do not require heating to redness. 
Their analysis for phosphorus is exactly like that for ores, begin- 
ning with the hydrochlori(‘ acid, chlorate tr(‘atment. 

Reserve the tungsten r(‘sidues that art* filtered out after the 
extractions and evaporations for the tungsten detenuination. 
The purification of these residues will be described under 
Tungsten in on*, page 102. 

Note.— I t may be well in this arti(‘le to caution those who 
have occasion to (l(‘tennine tht* phosjihorus m molybdenum 
compounds, that any molybdic acid st'parating out of acid 
solutions containing [ihosphoriis will carry a (;onsiderable amount 
of the latter element out, forming the analogous compound 
phospho-molybdu* acid. 

Method.— The Determination of Tin in Metallic Tungsten 
Powder . — Weigh I gram of finely ground sample into a porcelain 
boat of size 21 inchesXj inch. Spread this material out in as 
thin a layer as possible. Place this boat in the quartz tube 
of the same apparatus as is used for the determination of oxygen. 
Let the hydrogen pass at 950° C. or thereabouts for one hour. 
The hydrog(*n should pass through the furnace considerably 
faster than it does for oxygen determination. Turn off the 
current and continue to pass hydrogen until the furnace is 
cooled sufficiently, i.e., below a red heat, so that the hydrogen 
will not explode when the stopper is removed for withdrawal 
of the boat. All the contents of the boat should now have the 
gray color of metallic tungsten. Unless it has this color, it 
should be returned to the furnace and heated further as before. 
When the material is properly reduced, remove it to a small 
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agate mortar; pulverize it, taking care not to lose any of the 
substance. Then transfer the finely ground tungsten' powder 
to a 5-inch casserole; add 100 c.c. of concentrated hydrochloric 
acid; heat the dish for hours in boiling water, with frequent 
small additions of potassium chlorate. Add about 1 gr^ of 
this salt every hour. Stir the material well off the bottom of 
the dish with each addition of the potassium chlorate. Add 
100 c.c. of water; stir well ; filtc'r; wash with dilute hydrochloric 
acid water; add 10 c.c. of cinchonine solution; dilute to 400 c.c. 
with water; stir thoroughly; let stand overnight; filter from 
any precipitate of tung.sten cinchonate; wash with solution 
containing 5 c.c. of cinchonine solution, diluted with 500 c.c. 
of water; adtl ammonia to the solution of the sample until the 
iron precipitate, or other precipitates that may have formed, 
s('ems to dissolve rather slowly. Heat the perfectly clear solu- 
tion to about 80° C.; pass H 2 S .slowly through it until the pre- 
cipitate of tin sulphide separates out well. This will take several 
hours’ pa.ssage of the gas. Filter, Wash with H 2 S water. 
It will require about fifty to sixty washings to remove the iron. 
Burn the filter jxiper and sulphides of tin, copper, molybdenum, 
etc., at a red heat in an open porcelain crucible until the residue 
is of a grayish white; if copper is present there will be black' 
spots in th(^ ash. If tinged with red, iron is present. In either 
case warm the ash in the crucible with 10 c.c. of 1.20 nitric acid, 
covering the crucible with a .small watch glass during th(‘ heating 
period, which shoujd continue until any slight effervescence that 
may occur has ceased. If bismuth be present, it is quite notice- 
ably reduced during the removal of the carbon of the filter 
paper. After heating for, at least, ten minutes, and longer if 
nece.ssary, the watch glass is removed, rinsing off its under 
surface and allowing the washings to run into the crucible. 
Iwaporate the contents of the crucible to dryness and gently 
ignite it until all nitrates are decomposed. Then weigh the 
re.sidue, after igniting it at a red heat for thirty minutes to 
render the tin insoluble. This weight will be that of the oxides 
of Sn, Cu, Mo, Sb, Bi, and a little Fe. To remove the Cu, Fe, and 
Bi warm the ash in the crucible with 10 c.c. of 1 : 1 HCl, heating 
for ten minutes just below boiling; rinse the contents of the 
crucible onto a small filter; wash the same with 1 : 20 HCl and, 
finally, with some water. Ignite the paper in the same crucible 
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again until white to grayish white at a low red heat. Moisten 
with eohe. nitric* acid and ignite again to oxidize any metal 
•formed. 

To remove molyhdenum extract thi| residue with 5 or 10 c. e. 
of sfrong ammonia. Tse ammonia that is freed from any sedi- 
ment dr floating particles, or siviles of gla.ss. Filter; wash 
paper with ammonia and put it hack again into th(' same cru- 
cible, and burn the residue at a low heat. This n'sidue will 
now consist of tin oxide plus a little silica. Wi'igh the residue; 
and remove it to a jilatiniim crucibh'. Add four to live drops 
strong sulphuric acid, and then 10 <*.(*. c.p. hydrofluoric acid; 
evaporate as in the determination of tungslcai. Drive* off sul- 
phuric acid; weigh the* white* to grayish while resielue as oxiele 
of tin. This vve*ight multiplie*d by 0.7S7() give*s the* e*eiuivalent 
weight of metallic tin, which is e*e)nv(*rted to pere'C'ntage by the 
usual calculations. 

In the presence of much tin and bisynulh it is meire accurate* te) 
proceed as given in the feiregoing me'theHl until the sulphide*-^ 
of tin, etc., have been filte'icel anel wa.*<he‘el when, insteael eif 
igniting the same, the mixture of sulphiele's is placeal, filte*r and 
all, in a porcelain ca.ssereile, ceevereel with yclloiv ammonium 
sulphide and warmed on a wate*r batli with frequent stirring feir 
three hours. The pulp and seelution are then filtered anel washeel 
with water containing 10 c.c. of the yellow ammonium sulphiele 
diluted with 500 c.c. of wate'r. After thoreaigh washing the 
filtrate and washings arc made^ slightly ae*iel with H(d and satu- 
rated with IDS when all of the tin will .se[)arat(* out; it is then 
filtered out; washed with II 2 S water; ignited; treated with 
nitric acid; ignited again anel weighe'el as tin oxiele, now free 
of bismuth, all of the latter having be(*n filtere*el out with the 
paper pulp, as sulphiele, after the ammonium sulphiele extraction. 

If the amount of tin anel bismuth in solution is large, for 
example 100 mgs. of tin anel 50 mgs. eif bismuth, it is advisable 
to again heat the jirecipitated sulphiele of tin as lK*fore with the 
yellow ammonium sulfihiele, wh(*n the tin .sulphide should be 
free of bismuth. 

The combined filtrates freim the two extractions of the tin 
sulphide are made slightly acid and the bismuth therein is pre- 
cipitated with H 2 S; washed with n 2 S water; ignited at a low 
red heat in a porcelain crucible: the oxide of bismuth is heated 
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with a mixture of a little cone. HNO 3 and cone. HCl until all 
black metallic residue is dissolved; it is then evaporated to 
dryness with an excess of nitric acid; ignited to the yellowish 
Bi 203 ; and weighed as siych and calculated to metal- by use 
of the factor 0.89655. 

For the separation of as much tin and bismuth as mentioned, 
use 140 c.c. of cone, ammonia saturated with H 2 S for each extrac- 
tion; and dissolve 1 gram of flowers of sulphur in this amount 
of ammonium sulphide before pouring the latter over the mix- 
ture of the sulphides. 
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again until white to grayish white at a low red heat. Moisten 
with eohe. nitric* acid and ignite again to oxidize any metal 
•formed. 

To remove molyhdenum extract thi| residue with 5 or 10 c. e. 
of sfrong ammonia. Tse ammonia that is freed from any sedi- 
ment dr floating particles, or siviles of gla.ss. Filter; wash 
paper with ammonia and put it hack again into th(' same cru- 
cible, and burn the residue at a low heat. This n'sidue will 
now consist of tin oxide plus a little silica. Wi'igh the residue; 
and remove it to a jilatiniim crucibh'. Add four to live drops 
strong sulphuric acid, and then 10 <*.(*. c.p. hydrofluoric acid; 
evaporate as in the determination of tungslcai. Drive* off sul- 
phuric acid; weigh the* white* to grayish while resielue as oxiele 
of tin. This vve*ight multiplie*d by 0.7S7() give*s the* e*eiuivalent 
weight of metallic tin, which is e*e)nv(*rted to pere'C'ntage by the 
usual calculations. 

In the presence of much tin and bisynulh it is meire accurate* te) 
proceed as given in the feiregoing me'theHl until the sulphide*-^ 
of tin, etc., have been filte'icel anel wa.*<he‘el when, insteael eif 
igniting the same, the mixture of sulphiele's is placeal, filte*r and 
all, in a porcelain ca.ssereile, ceevereel with yclloiv ammonium 
sulphide and warmed on a wate*r batli with frequent stirring feir 
three hours. The pulp and seelution are then filtered anel washeel 
with water containing 10 c.c. of the yellow ammonium sulphiele 
diluted with 500 c.c. of wate'r. After thoreaigh washing the 
filtrate and washings arc made^ slightly ae*iel with H(d and satu- 
rated with IDS when all of the tin will .se[)arat(* out; it is then 
filtered out; washed with II 2 S water; ignited; treated with 
nitric acid; ignited again anel weighe'el as tin oxiele, now free 
of bismuth, all of the latter having be(*n filtere*el out with the 
paper pulp, as sulphiele, after the ammonium sulphiele extraction. 

If the amount of tin anel bismuth in solution is large, for 
example 100 mgs. of tin anel 50 mgs. eif bismuth, it is advisable 
to again heat the jirecipitated sulphiele of tin as lK*fore with the 
yellow ammonium sulfihiele, wh(*n the tin .sulphide should be 
free of bismuth. 

The combined filtrates freim the two extractions of the tin 
sulphide are made slightly acid and the bismuth therein is pre- 
cipitated with H 2 S; washed with n 2 S water; ignited at a low 
red heat in a porcelain crucible: the oxide of bismuth is heated 
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of wheat flour, and secures an absolutely uniform sample. The 
smaller sample accumulated from the squares is well mixed 
and is in turn s[)rec‘id into a layer of one-eip;hth inch thickness 
and sampled ngain in squares to about 10 ^ 2 ;rams. The latter 
amount is t.hen p^round in an a^ati' mortar. 


RESULTS OBTAINEO FROM THE TWO METHODS OF SAMPLING 



FlVl. I’OI’ND .SWIPI.K 

(Jkocnd in thk J 

Mim. 

Ten Guam Sampi.e 
Ghol Ni) IN the 

.Aoate Moutak 


i’(T r’piit 
WOj 

Pit CVnt 1 
Si (>2 1 

Per (t'lit 
WOj 

Pit CVnf 
SiGj 

P()rtugiJos(‘ wolfiainitc 

70 59 

1 87 

70 51 

1 84 

Austriiliiiii vvolfruiiiitc 

09 29 

5 2.3 

09 30 j 

5 33 

W()lfrainit(‘ from tin* “Straits” 
Wolfranuti' from the “Straits,” 

00 00 

2 38 

05 90 

2 34 

Lot A 

08 81 

3 73 

08 88 

3 02 

PortugiK'so wolframite 

70 70 

2 04 

70 79 

2 15 

“Straits” wolframiti* 

70 37 

2 04 

70 40 

2 04 

Portuguese wolframite, ear 500, 151. 

70 34 

2 09 

70 52 

1 85 

Wolframite from Rand.sburg, Cal 

73 58 

2 00 

73 48 

2 64 

Straits wolframite, ear 10,155 . 

09 08 

1 95 

09 00 

1 92 

(ainadiaii seh('elito. . 

71 82 

4 20 

71 88 

4 20 

Portuguese wolframite, ear 52,974. 

70 48 

1 87 

70 4 



Six ]\)L ni) S\mpi.k 

(iKfd'NI) IN TIIF, J Ml 

Mil L 

T) N (!ham Sampek 

(JliOl’Nl) IN TIIF, 

Aoatk Moutak 


Per ( Vnl 

WOj 

PfT ('(‘lit 
Si( h 

Per CVnt 
W()3 

Per CVnt 
SiOj 

S. S Patrieia, ear 5S,711 

00 (M) 

5 73 

00 00 

5 72 

C’aliforma selu'i'lite, ear 20,140 

09 23 

7 47 

09 10 

7 49 

Australian wolframite, car 524,453 

09 0 

2 33 

09 5 

2 40 

V,'olframit(‘ S. S, (develand, W 1 

09 0 

1 Of) 

09.7 

1.05 


After makinp; these te.sts extending over several months the 
author came to the following conclusions: 

(1) The best grade of porcelain and of hand picked flint 
pebbles must be used. 

(2) The jar must be filled with enough of the sample to pre- 
vent the pebbles from rubbing on each other or on the walls of 
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the jar, i.e., a jar calling for a inaxinuiiii charj^o of 5 pounds, 
for example, must he used with that amount in ]t, otlu'rwise 
notabU' amounts of siliea will Ix' jjathered up during the j^rind- 
iiig;. On* the other hand pra(*ti(‘ally| no silica is obtained and 
no*appreciabl(‘ lowennj^ of th(‘ tunp:sl(*n content was not('d 
except* in oiu' instance (‘ar II, (ill was apparently low(‘re<l in 
tunjj^sten content from 72. bS to 71.95. 

(3) The propc'r amount of matin ial to place in a jar of a j^iven 
size in order to s(M'ur(‘ piah'ct ^rmdin^, without adding sili(‘a, 
should be determined by c\p(*rim(‘nt. 

(4) The advantage's of this apparatus are that a lar^c' sample 
can be take'ii; that perh'ct ^rmdin^; and pe'rfect uniformity of 
sample are obtained; and that the ji:rinding goes on h'aving 
the operator fn'e to attend to oth(*r work. 

(5) The only disadvantage' is the' first ceist, but in a large 
works where many shipme'iits must be sampleal, the saving of 
labor makes the' cost insignihe’anl. 


Determination of TrNeisTUN in Tunosten Ores 

(2) The Determination of Tungsten in Ores without a Pre- 
liminary Fusion.- - Idle write'r has always re'fusexl te) assay 
tungsten ore's eir eithe'r tungste'n-be'aring mate'rials by precipi- 
tatiein as mercureius tungstate' for the' reason that any phosfihorus, 
molybelenum, aluminum or vanadium pre'se'iit weailel be pre‘- 
cipitate'el with the' tungste*n anel e'ounte'el as «ue*h. Tin also is a 
common e'eaistitue'iit e)f tungste'ii eire's. Tlu' writer has often 
encenintere'el the' pre'se'nex' of this e'leme'nt in shipme'iits of wolfram- 
ite ore's frean trae-e-s uj) te) 10 [ii'r e*e'nt. The' se)elium carbeinate 
fusiein eif the' ore* which is the' usual pre'liminary to the mercurous 
nitrate precipitatiein e'ontaminate'S the sexlium tungstate with 
sodium stannate. In serhe'e'lite' ore's it is a e*e)mmon thing for the 
phosphorus to be as high as 0.17)0 per ce'ut anel sometimes as 
much as 0.500 pe*r ce'ut. Slime's anel othe'r le)w-grade concen- 
trates are e'specially lialile te> be high in this element. The 
writer has hael seime residue's very rich in tungsten running to 
0.400 per cent. Alumina is a fre'quent e'onstituent to be guarded 
against. Again, as is weill known, it is extreanely difficult to 
wash sodium salts out of tungstates precipitated from a solution 
of the former by mercurous nitrate. 
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After some years’ experience in this line of analytical work, 
a method was evolved which is perfectly fair to both buyer and 
seller. It avoids the tedium of the sodium carbonate fusion of- 
the main sample and nil of the unpleasantness and inherent 
inaccuracies of the mercurous precipitation. After more lhan 
ten years almost daily use of this method the author again offers 
it in detail as giving the true tungsten. 

Method . — The ore is ground to the finest flour either by hand 
in the agate mortar, or in the laboratory jar mill; after drying 
this powder for two hours at 105° C., one gram of it is weighed 
into a 42-inch casserole of R. B. type with porcelain handle. 
100 c.c. of cone, hydrochloric are poured on the ore; the dish 
is covered with a watch glass and heat is applied for one hour, 
keeping the acid below boiling; 200 mgs. of crystals of potas- 
sium chlorate are now quickly added, covering the casserole 
again. After the first violent action is over, the ore is carefully 
and completely stirred off the bottom of the casserole and the 
mild digesting heat is continued for another hour when the 
same amount of chlorate is again added and the sample is again 
stirred up and so on until about 2 grams of the chlorate have 
been consumed and the ore has been thoroughly decomposed as 
shown by its color having changed to bright yellow, or in some 
ores to an orange shade. Scheelite requires four hours of this 
treatment for decomposition; the dark ores, wolframite and fer- 
berite, turn yellow in six hours. The watch glass is then removed 
and its under side is rinsed off with water, allowing the rinsings to 
I'un into the casserole, the contents of which are now evaporated 
to dryness on a graphite bath, consisting of a 6-inch pudding 
pan filled a little over half full with chip graphite. Each unit is 
heated by an ordinary Bunsen burner and requires but very little 
gas, a flame from 1 to U inches in length being sufficient for all 
kinds of evaporations. The layer of graphite is from three-quarters 
to 1 inch thick. This enameled pan is mounted on a clay flame 
guard or support. If it is desired to raise the temperature of 
the dish to a dull red, the pan can be removed and the flame 
length increased. This combination is acid-proof to a practical 
eiftent; occasionally it becomes necessary to remove the Bunsen 
burner and pour a little 1 : 1 hydrochloric acid through the inlet 
tube to clear it out. After rinsing out the acid with water, it is 
ready for use again. The graphite is indestructible and the whole 
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outfit is quite inexpensive and last-s a long time. Illustration 
No. 44 shows ‘twenty-four of these units in use and No. 43 gives 
a- closer view of a portion of a group. The outside depth of the 
pan is If inches. 

Aft^r evaporating the decomposed ore to dryness, 30 c.c. 
of cone, hydrochloric^ acid are poured on it; heat is applied; 
70 c.c. of water are added, follow^ed by thirty minutes further 
warming, and some stirring. The crude tungstic acid and silica 
are filtered through a double 11 cm. ashless filtei. Before per- 
forming the filtration, a three-quarter inch ball of ashless filter 
pulp is thoroughly mixed with the tungstic acid to hasten filtra- 
tion and secure a perfect washing. The mixture on the filter 
should be washed with great care, giving it not less than sixty 
w'ashings with 1 : 30 hydrochloric acid to insure removal of potas- 
sium salts. If the glass rod or the casserole shows yellow stains 
of tungstic acid, these can be removed by {)ouring over them 
a few drops of cone, ammonia. This solution is then rinsed 
w’ith a thin jet of water into the filtrate and washings from 
whence it is recovered along with any meta tungstates as fol- 
lows: 50 c.c. of cinchonine solution are stirred into the filtrate 
and w'ashings which are then allowed to stand for from 6 to 12 
hours to pennit the last traces of the tungsten to separate out. 
It may be of interest, in passing, to state that when determining 
sulphur in tungsten-bearing materials of any kind by the barium 
sulphate method, the author always first removes the last traces 
of tungsten that are almost cc'rtain to be preterit by means of 
12 hours’ standing with cinchonine added. It is easily seen 
that a few milligrams of tungstic acid contaminating the barium 
sulphate would cause a serious error. Cinchonine used for such 
work must be first wa.shed free of sulphates before using it. 
This can be easily done by placing the crystals on a large filter 
paper and rinsing them with distilled water until the washings 
no longfer give a cloudiness with barium chloride. Any tungsten- 
cinchonine precipitate must be washed with water containing 
some cinchonine solution as the precipitate is soluble, or runs 
through the filter if washed in the same manner as the tungstic 
acid. 

The filter papers carrying the tungstic acid and that obtained 
by the cinchonine are dried in an air bath and then smoked off 
in a 20 c.c. platinum crucible. The heat is then raised to low 
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redness only, and the heating is continued until the residue is 
yellow and free of carbon. This ash is cooled in a desiccator 
and weighed as WO3 plus some Fe203, AI2O3, Sn02, Mn304, 
CaO, Ta205, Nb205, CuO, and all of the Si02. For 

extreme accuracy in silica, the filtrate and washings frorfV the 
tungstic acid should be evaporated again to dryness before adding 
the cinchonine; the residue dissolved as before in hydrochloric 
acid and water; any small insoluble residue of WO3 plus S1O2 so 
obtained is filtered out; washed; burned with the principal 
precipitate and then the cinchonine solution is added to this 
final filtrate and washings to get the final traces of dissolved 
metatungstates. 

The weighed residue consisting of total WO.^ plus Si()2 plus the 
other oxides mentioiKMl is now evaporated with from five to ten 
drops of cone. siil[)huric acid together with 15 c.c. of c.p. hydro- 
fluoric acid in a muffle furnace lined with { inch asbestos board 
to prevent bits of brick from dropping in the work. The writer 
uses for these evaporations a small rev(^rbcrat()ry furnace. The 
gas flame is not allowed to come above the bridge wall. By 
heating in this manner there is never any danger of loss of 
analyses by spattering. (See page 438.) 

The crucible is left in this drying furnace until the heavy 
white fumes of sulphuric anhydrides are no longer given off. 
The crucible is raised to a dull red heat on a Chaddock burner 
and then cooled in a desiccator and weighed again. The dif- 
ference between *his weight and the weight of the WO3, etc., 
should equal the silica present in the ore. But if the per cent 
so found should exc^eed 8 i)er cent Si02, then it is safer to repeat 
this evaporation to insure the complete removal of the silica. 
The author has found that this second evaporation, with addi- 
tional sulphuric and hydrofluoric acids, should in no case be 
omitted when the silica content reaches from 30 to 60 per cent as 
it often does in un concentrated ores and slimes. Titanic oxide 
is frequently present with the W()3, etc., and for this reason 
the sulphuric acid should always be added in at least the quan- 
tity specified to prevent its volatilization as fluoride. 

After weighing the now silica-free WO3, etc., it is fused at a 
bright red heat with twenty times its weight of anhydrous sodium 
carbonate. It is kept molten for twenty minutes. The melt is 
dissolved in hot water in a 100 c.c. platinum dish, or if no plati- 
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num is available, then the fusion can be leached in a porcelain 
vessel; do not boil, but warm gently, as otherwise the porcelain 
‘will be attacked and the accuracy of the analysis will be im- 
paired. I 

ft the water solution of the sodium carbonate fusion of the* 
silica-free WO3 has a greenish tint due to the fonnation of sodium 
manganate, a few drops of alcohol are added and the solution is 
warmed until this color disappears, the manganese completely 
precipitating as hydrated oxide. A little pafx'r pulp is added; 
the various oxides are filtered out; washed repeatedly to entirely 
remove the sodium salts; ignited at a red h(‘at to remove the 
carbon. If the n'siduc in the erueible sinters on ignition it is 
imperfectly wasla'd and contains sodium salts, and a repetition 
of the fusion, solution and washing is n(‘C(‘ssary. It is safer 
to fuse the ignited oxides again in any (‘ase if their total wi'ight 
exceeds 4 or 5 mgs., as part of this w(*ight is almost certain to 
be WO3. After the second fusion, solution, washing, and ignition, 
the oxides are weigh(‘d and their amount is deducted from the 
weight of WO3 obtained after exp(‘lling the sili(;a. The remain- 
der represents the total W()3 plus any aluminum, tin, bismuth, 
molybdenum, copper, tantalum, and niobium that may have 
gone into solution as .sodium compounds. To correct for all but 
the molybdenum and coppiu’, the two s(‘ts of filtrates obtained 
from the two fusions of the total oxides of WOa, etc. (silica-free), 
with 20 grams of sodium (carbonate, ar(‘ made just acid with HCl; 
then just aminoniacal; add 10 c.c. (excess# of NH4()H; heat 
to boiling; removi^ from fire. Add H(‘l ( 1 : 1 ) until solution 
is just faintly alkaline. Any AI, Ta, Nb, Sn that have gone 
into the solution in (‘ombination with the sodium carbonate and 
would be otherwise counted as WOa will now be preoipitated. 
Filter off the flo(*culent precipitate if any (and there nearly 
alwaj^s is some) ; wash same eighty times with H2O plus NHil^Os; 
combine this filter with the doubly fused water insoluble, ignited 
oxides of iron, etc., already mentioned, that should be hdd for 
this purpose; burn all in a platinum crucible at the lowest heat 
to a constant weight; heat to a fairly bright red toward the 


end; deduct the weight from that of the crude WO3, af;^r th4t^ 
silica has been removed from it in the manner already 
This weight will constitute the total pure WO3 excejiv^lat 
carried down by the NH4OH precipitate just described. ’ 
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To obtain this tungsten, fuse this precipitate of Al, Ta, Nb, 
Sn, after weighing it, with Na2C03 in the platinum crucible; 
leach out the fusion with water; make it acid with some excess 
of HCl; heat if necessaijv; add cinchonine to the clear, or per- 
haps slightly clouded solution; any tungsten in the solutitin will 
separate out in a few hours. Filter; wash with cinchonine wash; 
ignite and weigh it and add the weight of it to the pure tungsten 
content already found obtaining weight A. 

A further correction must he applied to the tungstic acid 
content A for any Mo or Cu that have gone into the solution of 
the leached carbonate fusion. To make this correction, the 
ammoniacal filtrate from the Al, Ta, Nb, and Sn, etc., is treated 
with 4 grams of tartaric acid to hold back the WO3. It is then 
made faintly acid with HCl and saturated with H2S for one 
hour; filter off any sulphides that are found here; wash sixty 
times with H2S wash, containing two or three drops of HCl; 
burn at the lowest possible heat that will remove the paper, in 
a weighed porcelain crucible. Weigh the ash; extract it with 
HCl (1 : 1) for one hour; filter; wash with HCl wash (1 : 20); 
burn the insoluble in the same crucible; weigh the ash and the 
difference in weight between the first ash and the second ash 
equals the Mo or Cu content that has been counted as tungsten; 
subtract this weight from the total pure tungsten content just 
previously noted (A). This final corrected weight should now 
constitute the total tungsten, free from all impurities and be 
calculated to percentage content of the ore. 

However, there is still a further chance for error. The 
sodium carbonate used may contain enough iron to increase the 
deduction made when the WO3, etc., is fused twice to correct 
for any iron remaining in it after the removal of the silica with 
HF. Therefore blanks for iron should be run on the carbonate 
and the final WO3 should have an additive correction made to 
it equal to the amount of the Fe203 found in as much of the same 
sodium carbonate as was used in the last two fusions. This 
correction will frequently increase the WO3 content in the final 
weight to the extent of 0.2 to 0.3 per cent content of WO3. 
In a 30 -ton lot of ore this means considerable in money value. 

This method is applicable to ferberite, wolframite, huebnerite, 
i^eelite, cupro-scheelite, lead-tungsten ores, arsenical-tungsten 
Otes and tin-tungsten ores. Such ores are on the market and 
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have been for many years that are liable to contain these impur- 
ities. The latter all more or loss seriously affect the detennination 
•of the total exact WO3. The impurities are present in the 
following percentage ranges based on the analysis of ores from 
all parts of the world ; China, Japan, -South America, Australia, 
Spain, file United States, and Mexico. 

The following show's about the* percentage range of these im- 
purities: 

Arsenic from traces to J 5 per cent 

Lead from trace's to 8 0 pe'r cent oxide 

Tin from tracers to 15 0 p(‘r c(‘nt oxide 

Copper from traces to 3.J 4 pi'r cent oxide 

Bismuth from trace's to 2 0 

Phospheirus freim trae'C's te) 0 5 

The Determination of Lead, Arsenic, BisMU*rH, Copper, 
Antimony, Tantalum wuth Niobium, Molybdenum, and 
Sulphur in Tungsten Ores 

Lead. — Digest 2 grams of the finely ground ore in a 500 o.c. 
cone flask with a mixture of 30 c.c. e^einc. nitrie; aeaei and 70 c.c. 
conc. hyelrochleiric aciel, for several hemrs on a graphite bath 
(see page 100) until the ore is ye'llow or giTenish yellow and all 
browm fumes are gone, aeleling more of the mixed acids if neces- 
sary. 

When no further increase in the yellow ix^or (‘an be detected, 
the contents of the digesting flask are diluted with a mixture 
of two parts of conc. HCl and one part of H2O. This strength 
of acid is used to prevent the precipitation of some of the 
lead, along with the tungstic acid in the form of chloride. The 
oxides of tungsten, silicon, etc., are filtered out and washed on 
the filter with one part of conc. HCl diluted with twenty parts 
of water. Give the residue on the filter about fifty washings. 

Add to the filtrate and washings a slight excess of ammonia; 
then acetic acid in excess or about 80 c.c. of the glacial acetic 
acid in all. Pass H2S through the hot acetic solution until any 
precipitate that may form is collected and settles well, when the 
H2S is shut off. Filter off the sulphides, which will contain all 
of the lead, copper, and bismuth, some of the tin and considerable 
iron sulphide. Wash the mixed sulphides with H3S water con- 
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taining two drops of cone. HCl in 500 c.c. of water, using a cold 
wash. 

Burn the thoroughly waslied precipitate in a porcelain crucible 
by smoking off, raising the heat to low redness only aftei the 
paper is entirely charnar; moisten the ash when all of**the 
char has been burned out with a few drops of cone, nitric acid 
to dissolve any metallic globules or fine gray particles of metallic 
lead or bismuth that may have been reduced from the burning 
of the filter paper. Dry (.*autiously to remove the excess of acid 
and then again ignite at the lowest red heat. Put the crucible 
and all in a casserole with 100 c.c. of cone. IICl; heat until 
all is dissolved but a little silica from the paper or tin 
oxide. 

Remove the crm^ible; rinse off the sid(^ of the crucible, letting 
the washings run into the solution from which it was taken. 
Add to this H(d solution 50 c.c. of 1 : 3 II2SO1 and evaporate 
to thick white fumes of sulphuric anhydride^; cool; add 100 c.c. 
of water; heat until all but the lead sulpliate is dissolved; add 
50 c.c. more of the 1 : 3 IRSOt Hnd again take to thick fumes; 
cool; add 150 c.c. of water; heat as l)efore until all but the lead 
sulphate is in solution; then add 50 c.c. of 95 per (^ent alcohol 
and let the lead sulphate settle overnight. Filter off the crude 
lead sulphate; wash it with cold water containing 5 c.c. of cone. 
H2SO4 per 500 c.c., giving it about forty washings. 

The filtrate from the crude lead sulphate is made slightly 
ammoniacal and th<^n slightly acid with HCl and saturated hot 
with H2S to precipitate the main Cu and bismuth. The bismuth 
and copper sulphides are thoroughly washed with H2S water; 
dried in a porcelain crucible; the paper is smoked off; the heat 
is then raised to low red to remove all of the carbon of the filter 
paper; the ash in the crucible, which should be yellowish white, 
especially when hot, is mainly Bi20:3, and some metallic bismuth. 
It is evaporated several times to dryness with a few drops of rlitric 
acid to convert all of the bismuth to oxide. This oxide will 
be blackened if consideiable copper is in the ore or metal. If 
much bismuth and copper are present some of these elements will 
cling to the crude lead sulphate obtained in the manner just de- 
scribed under Lead. The lead sulphate is purified from any 
Bi pr Cu still with it by dissolving it in 100 c.c. of cone. HCl. 
To this solution 50 c.c. of 1 : 3 sulphuric acid are added and all is 
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evaporated to thick white finncs of solphuric anhydride; cool; 
add 50 c.c. of water and 50 (‘.c. more of the dilute sulphuric acid 
and agiain take to thick fumes; heat with water until all but 
the lead sulphate is dissolved; add alcolyil; l(‘t stand overnight. 
The Irtui sulphati* is filtered out; washed with sulphurit* acid 
water; smoked off in a porcelain (crucible; heated at a low red 
until the residue is white; it is (waporated with a few drops of 
nitric acid to convert any metallic lead to oxid(\ The sulphate 
and oxide mixture is evajiorated with a f(‘w drops of cone, sul- 
phuric acid to convert tin; oxide to sulphate. The now pure 
lead sulphate is weighed and calculabal to metallic l(‘a(l by the 
factor 0.6832 if obtained from mc'talhc tungsten. If obtained 
from ore it can be calculated t-o oxide by multiplying the 
sulphate obtained by the factor 0.7360. 

The filtrate and washings from the pure lead sulphate contain 
the remainder of tlu^ copper and bi.smuth. This filtrate is made 
slightly aminoniacal and then slightly ac(‘tic. The copixu’ and 
bismuth, if there be any in this filtrate, arc' then recovered by 
H 2 S, as in the mam cojipei and bismuth; filterial out; washed; 
ignited; and combined with the main copper and bismuth obtaiiKjd 
as already described. The total copper and bismuth can be 
weighed as oxides; dissolvcfl in HCl. Th<‘ cofijx^r (;an tlum lie 
determined by the cyanide titration; cahailated to copper mon- 
oxide and deducted from the weight of the total oxides of copper 
and bismuth. The remainder is calculated to {kt cent as Bi 2 ()a 
in the case of ore, or in the case of metal to inttallic bismuth by 
the factor 0.8965. 

ANALYSES OF SOME ORES SHOVVIN(i RANGE OF ARSENIC, 
COPPER, LEAD, AND HISMUTII THAT ARE LIABLE TO 
BE ENCOUNTERED IN TUN(;STEN ORES 
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RESULTS OBTAINED ON KNOWN MIXTURES 


Lead Added to 

A Tungsten Ore 

Bismuth Added to 

A TuNt.HPEV OllF 

Added Lead, 

Found Fead, 

1 Biamuth Added, | 


Gram 

(.iraiV j 

1 Gram j 

[ (iram* 

0 050 

0 048 

0 050 i 

0 052 

0.025 

0 025 




Arsenic in Tungsten Ores and Metals.— The following rather 
tedious method is the only one that the author can recommend 
to obtain the total arsenic in tungsten ores Results by any 
form of distillation method were not at all satisfactory. The 
weighing of the arsenic as phosphate the writer has found to 
be full of sources of error, the tendency being at all times to 
get results that are too low. The distillation method also gave 
low results. The writer bases his method on Bunsen’s scheme 
of weighing the pentasulphide of arsenic. He has found the 
following method adapted to all arsenic determinations from 
traces to the highest percentages, using it to determine the 
arsenic content of mispickel, for example. 

It should be stated that only certain kinds of asbestos can 
be used for the weighing pad, as some kinds seem to lose weight 
indefinitely, no matter how much they are washed. The analyses 
given on page 110 show the kind of asbestos that can bo dei)ended 
upon to give conitant, i.e., undiminishing weight after it has 
been once thoroughly washed. The other type keeps dissolving 
away indefinitely. 


Arsenic 

Five grams of the pulverized ore or metal are extracted in 
a 300 c.c. casserole with a mixture of 100 c.c. of cone, nitric acid 
and 100 c.c. of cone, hydrochloric acid. The digestion is con- 
tinued until the sample is yellow to greenish yellow. This 
extraction should continue for several hours. Then evaporate 
low; add 100 c.c. of cone. HCl and take low again but not to 
dryness. During the evaporations add a few crystals of potas- 
sium or sodiun chlorate at intervals of every half hour. Then 
remove entirely the excess of chlorate and chlorine by taking 
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low once more with 100 c.c. of HCl. Filter out the tungsten 
and silica and wash the same with dilute HCl wash water. Add 
100 c.c. of HCl to the filtrate and washings and again evapo- 
rate^ low to insure that all of the ffree chlorine is perfectly 
removed. If the concentrated solution is not perfectly clear 
on diluting it with water it should be filtered and the filtrate 
and wasliings must be evaporated to about 10 or 15 c.c. Now 
add 100 c.c. of HCl and enough water so that the solution 
contains two parts of cone. HCl to one part of water. The beaker 
containing this 2 : 1 acid solution is then placed in cold water 
until cold. This strong acid and cold solution is to insure the 
precipitation of the arsenic as the pentasulphide. The strong 
acid will also prevent the co-precipitation of any bismuth, lead, 
tin, and molybdenum that may be present in small amounts. 
Pass H 2 S through this solution for three hours. Then let it stand 
overnight to insure the complete precipitation of the arsenic. 
Tliis long standing is very necessary, esjHicially if the per cent 
of arsenic is viu'v low. The mixture of arsenic pentasulphide, 
sulphur, and copper sulphide (if any be present) are filtered out 
and washed with one part of cone. H('l diluted with twenty parts 
of water, saturated with H 2 S. This will require fifty washings, 
at Iciist. Then wash with cold water to remove the acid. Put 
filter and all in a 100 c.c. beaker and beat it to a fine pulp with 
a ghuss rod. Then add to this pulp a mixture of twenty parts of 
hydrogen iK‘roxide solution and twenty parts of cone, ammonia; 
stir well and let stand overnight; filter (flit the pulp, which 
should be now no longer colored yellow with arsenic sulphide; 
wash the pulp with water; neutralize the filtrate and washings 
with HCl, and then add to the neutralized filtrate twice its volume 
of cone. HCl and pass H 2 S through this strongly acid solution 
until the arsenic separabis out as the pentasulphide, which will 
now. be free from sulphur. Ixit stand overnight again, as the 
pentasulphide separates very slowly in the strongly acid solution. 
The arsenic sulphide is now filtered on a washed, dried, and 
weighed long-fiber felt filter, using a porcelain Gooch crucible. 
This filter is dried and weighed at 100° to 104° C. to a constant 
weight. It is important to test the dried and weighed felt by 
pouring through it some 2 : 1 HCl. Wash out the acid with water; 
dry and weigh the crucible again at 105° C. The system should 
h^ve the same weight as before within a half milligram. Some 
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asbestos is worthless for this purpose, as it loses weight indefinitely, 
no matter how much it is washed before it is used for a weighing 
pad. The following analyses were made in this laboratory, ond 
being of a long-fiber wi^fhed asbestos that was satisfactory and 
the other one was from an asbestos that continually lost weight, 
no matter how much it was boiled with aqua regia (twenty-four 
hours). 



AsboslDs U K for 
VVeigliiiiK Puds 

Waslifd 

I’ci ('cut 

Aslicstos that ContJiiually 
Ivost Wei>;lit when 
Wiislied witli .\(*id 

Per Cent 

Silica 

57 59 ' 

40 08 

Iron oxide 

2 77 

3 04 

Alumina 

0 59 1 

0 75 

Lime ... 

13 89 

None 

Magnesia 

23 29 

41 11 

Ignition 

0 84 

14 22 


Blanks should be run on the entire operations and the arsenic 
found, if any, deducted. A good way, and indeed the best way, to 
run a blank is to add to a tungsten ore that contains but a small 
per cent of arsenic (less than 0.05 per cent As) a larger known 
amount of arsenic, either as metallic arsenic or the natural sul- 
phide, mispickel, is an (excellent source of arsenic. The complete 
analysis of the imiieral (get a pure sample from a firm that has a 
reputation for making a specialty of pure mineral specimens) can 
be made as a check on the arsenic determination that one makes 
by the foregoing method. The following is the analysis of a 
sample that the author used : 


Arsenic 45.25 per cent 

Sulphur 20.00 per cent 

Iron 35.00 per cent 


A weighed amount of this mispickel can be added to the ore 
to be analyzed and then put through all of the operations. 

From the arsenic found, deduct the arsenic found by the same 
method in the same sample to which Jio arsenic has been added. 
Now if there be more arsenic found than was added to the ore, 
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even after making the deduction just mentioned, then this excess, 
if any, will constitute the true blank to be deducted from all of 
the arsenic determinations made at that time and with the 
same lot of aads or other chemicals. | 

If*much copper or molybdenum or both are present in the 
ore, then the AS2S5 precipitate instead of being of a pure lemon 
yellow will be a dirty yellow or brownish, or blackish. In such 
event the arsenic sulphide, etc., should be again dissolved in 
the mixture of hydrogen peroxide and ammonium (cone.) neu- 
tralized, the excess of IICl added and the arsenic again pre- 
cipitated with II2S, saturating the .solution in the cold for several 
hours and so on until the precipitate is obtained of a clear yellow 
color, when it will be fit to w'lagli as the jHire pentasulphide of 
arsenic. If several per cents of copper or molylKh'num or both 
arc present, a much better way to get a |)ur(.‘ yellow arsenic 
pentasulphide is to take the filtrate and washings from the last 
traces of the tungsten after all of the chlorine has all bei'ii removed 
as already describ(‘d, and precipitate it with ammonia. There 
IS generally enough iron prc'.sent to carry out all of the arsenic 
and antimony. This precipitate, which should be red and 
contain fifteen to twenty tinavs as much iron jiri'.sent as the total 
amount of amenic and antimony present in the .sainjile being 
te.sted, is dis.solved off the filter wath hot 1 : 1 IICl; the filter 
thoroughly washed. The solution and washings will contain 
all of the arsenic and antimony. It is evaporated to a definite 
volume; twic(3 this volume of cone. IICl isi added; the cold 
solution is .saturated with ICS; allowed to stand overnight when 
the arsenic penta.sulphidc is ready to be filtered off; washed 
with 1 : 1 HCl; then free of acid with cold water; filter and all 
beaten to a pulp; this mixture of paper pulp, free sulphur, and 
arsenic pentasulphide is treated with a mixture of twenty parts 
of hydrogen peroxide and twenty parts of cone, ammonia; stirred 
well. Filter out the pulp, which should be no longer colored 
yellow with arsenic pentasulphide; wash the pulp thoroughly; 
finish the filtrate and washings for arsenic as already described 
from this point on, weighing the arsenic as AS2S5 which contains 
48.326 per cent of As, 
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Molybdenum, Iron, Manganese, Lime and Magnesia 
IN Tungsten Ores 

The molybdenum is determined by fusion in the same ma'nner 
as described for Mo in metallic tungsten on page 78. 

Iron. — The iron will be mainly in the two filtrates obtained 
from the two evaporations to drjmess to obtain the crude WO 3 , 
etc. The remainder will be with the crude WO 3 , etc. The latter, 
as has already been described, after being freed from silica (see 
page 72) is fused at a bright red with twenty times its weight 
of anhydrous sodium carbonate; dissolved in water; filtered out; 
washed; weighed; and fused, etc., again. The final double fused 
and weighed ash of iron, etc., will contain all of the iron, lime, 
magnesia, and manganese that escaped decomposition during 
the extractions witii HCl and chlorate. This is then brushed 
out into a beaker; the crucible cleaned by warming in it some 
HCl; the residue in the beaker is dissolved also with HCl. The 
cleanings and the solution in the beaker are combined and 
evaporated low; and filtered into the two main filtrates from the 
two evaporations to dryness to obtain the first crude WO 3 . 
The whole combination will now contain the entire iron, man- 
ganese, lime, and magnesia, and perhaps a milligram or two of 
tungsten in solution. 

A double basic acetate precipitation can now be made as 
described on pages ^44-245. The iron obtained from the second 
basic acetate precipitation will be free of manganese, lime, and 
magnesia; it can be ignited; dissolved in cone. HCl; evap- 
orated low; water added; heated; filtered; evaporated to 
fumes with 30 c.c. of I : 3 H 2 SO 4 ; taken up with water and 10 c.c. 
more of sulphuric acid and finished for iron by passing it through 
the reductor, in the manner described on page 366. 

Manganese, Lime, and Magnesia. — The combined filtrates 
from the two basic acetate precipitations of the iron are evap- 
orated low. Do not add any acid during this evaporation. 
If any small amount of red flakes separate out or the solution 
is yellowish, a little iron has gone into solution with the man- 
ganese, etc. Add a faint excess of ammonia. Do not heat, 
but filter out the small precipitate of iron; wash it thoroughly 
with water; dissolve it in a little HCl; wash the filter 
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thoroughly; make a small basic separation of the iron; filter it 
out; wash it with acetate water; combine the filtrate and wash- 
ings with that obtained when the small amount of iron hydroxide 
gotten with ammonia as just describepl was filtered out and 
washed. This total of filtrates will contain all of the man- 
ganese, lime, and magnesia, and can be analyzed in the usual 
way for the.se elements, as described on page 09, beginning at 
the place where the statement is made concerning basic slag 
that “The combined filtmtes from the two basic acetate sc'parations 
contain all the ('a, Mg, and Mn in the slag,” under the heading, 
“ Oxides of Mn, Mg, and Oa/' 

The small amount of iron that may be found on evaporating 
the main basic acetate filtrates ami washings to dryness should 
be added to the main iron just before (waporating it to fumes 
of S(3;^ 

Tin in Tungsten Ores.~-This (‘lenient is determined in the 
same way as desciibed for tin in metallic tungsten powder. (See 
pages 93 and 94.) 

Sulphur.— Sul[)hur can be d(‘t(‘nnin(‘d by th(‘ same methods 
as given for metallic tungsten powder or ferro-tungsten. (See 
pages 70 and 77.) 



CHAPTER IV 


Part III 

TUNGSTEN, SULPHUR, SILICON, MANGANESE AND PHOSPHORUS 
IN TUNGSTEN STEEL AND CHROME TUNGSTEN STEEL 

First Method for Tungsten in Steel. — If the sample contains 
considerable chromium and tungsten, proceed as follows: Weigh 
from IJ- to 2 grams of drillings (see pages 130-131) into 
a No. 5 porcelain evaporating dish. Add slowly to the drill- 
ings, keeping the dish covered with a watch glass, a mixture 
of 30 c.c. cone, hydrochloric acid (1.20 sp. gr.) and 30 c.c. cone, 
nitric acid. Mix the two acids thoroughly before applying 
them to the steel if phosphorus is wanted. Heat until action 
ceases, and if the residue in the bottom of the dish is not bright 
yellow, repeat the addition of acid and continue to heat the dish 
until the tungsten residue is a clean yellow. Then remove the 
cover and evaporate the contents of the No. 5 dish to 15 c.c. 
Keep the heat low enough to prevent spatteilng. Do the evap- 
orating on a graphite or sand bath. A 6-inch * pudding pan 
filled two-thirds full of graphite heated by an ordinary Bunsen 
burner makes simple contrivance for the evaporations. The 
pan can be set on a tripod or an earthenware flame guard with 
the burner directly under the center of the pan. With such an 
arrangement, a flame an inch long will furnish sufficient heat. 
The guard answers the twofold purpose of supporting the pan 
and shielding the flame from currents of air. The earthenware 
has the additional advantage of being acid-proof. Add 50 c.c. 
cone, nitric acid. Put the watch glass on the dish and heat 
until action ceases. Remove the cover and evaporate to 15 c.c. 
Again add 50 c.c. cone, nitric acid and evaporate to hard dryness. 
Ignite the dish and its contents to a dull red, raising the heat 
slowly to prevent cracking. Set the dish over a bare flame for 
this purpose. The terra cotta flame guard, with the pan removed, 
answers quite well for a support during the ignition. Lower 
See photo 43, page 488. 
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the flame slowly and set the dish on a warm place, coolinf^ it 
gradually. * 

Wh(‘n the dish is just warm, pour into it 50 c.v. of cone. 
hydro(*hIoric acid. Put the cover on heat to slow boiling. 
Continue to boil until the r(\^'idu(‘ in the bottom of th(‘ dish 
is bright yidlovv. Thi'n remove the lid and evaporate to 15 c.c. 
Cool, and add 30 c.(‘. dist.ill(‘d wat(‘r and ashless paper pulp. 
Filter on a double 11 cm. ashless tilt(‘r (a double filter will run 
faster than a single on(‘); wa.sh with 1 : 20 hydrochloric acid 
until the washings givi* no test for iron with potassium or ammo- 
nium sulphocyanate. Return the filtrate' and washings to the 
No. 5 dish for concentration. 

Silicon. Roast the pape'r out of the residue' of tungstic and 
silicic acids in a weighe'd 2t) c.c. platinum crucible. Do not hc'at 
tungstic acid to a bright r(‘d, as it slowly sublime's at high te'inpe'ra- 
ture. When the ash is bright ye'lle)w, free* freim blae*k, cool in a 
desiccator and weigh, ddiis we'ight will e*.onsist of mainly tungstic 
acid anel silica e'eiutaininateal with a .small ciuantity of oxieles 
of iron, and chreHuium, also, if the' hitte'r ('le'ine'nt be* pre'sent. 
Add thre'e* elrops e)f 1 : 3 sulphurie' aeael te) the* re'sielue*, :inel fill 
the crue'ible* t\ve)-thirels full with e* p. hyelreifiueiric ae'iel. hlvap- 
orate in a good elraught to nmist elryne'.ss. Drive* e)lT the sul- 
phurie' aciel by lu'ating the* e'rue'ible* ne'ar the* top. Whe*n all heavy 
funu'S are gone*, he'at. te) leiw re'el anel we'igh as WO.Tf kVjOa 
-fCr-jOa. The* elilTe'ie'nea* be'twe'e'ii this we'ight and the* first 
we'ight is the* silica whie-h has be'e'ii volatihte*el. This lei.ss of 
weight niultij)li('el by 40.93 anel eliviele'el by the we'ight eif sample 
taken, ee^uals the per cent silie*e)n pre'se'iit in the ste'e*l. In the 
meantime the filtrate* anel washings frean the' first filtration should 
be evape)rating until a .slight ring of basic iron forms on the elish 
around the margin e)f the* fhiiel. Fin's ring elisseilve'S rather 
slowly when the elish is reicke'el backwarels and forwarels. In 
either words, l{*avc only eneiugh ae'iel te) ke'ep the* iron in solution. 
(Howewer, care must be take*n ne)t te) e)ve*relo the rernewal of 
the exce.ss of aciel, as ba.sic ire)n may se^parate in the solution 
when it is heated for the precipitation e)f phe)sphorus.) Add 
20 c.c. of water; filter through a 9 cm. ashle*.ss filter into a 150 c.c. 
beaker. Wash the residue on the filter until all yellow color 

*It is much better to perforin this ignition at a elull red heat, in an elec- 
tric muffle. This prevents cracking of dishes and insurtis even heating. 
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due to <;?hlorido of iron is gone. About fifteen washings should 
suffice. Wash every other time with 1 : 20 hydrochloric acid. 
If the volume of the filtrate and washings is over 50 c.c. reduce 
to that amount by cvai^)oration. The filter at this point may 
be tinged slightly yellow with tungstic acid. It should be’ saved 
in that case and burned off with the main tungsten residue. 
The filtrate and washings, especially in very low percentages, 
i.e., when only a few tenths of a per cent of tungsten are present, 
are liable to contain tungsten in solution even after all of the 
foregoing operations. To guard against this it is safer to divide 
this filtrate and washings into two equal parts. Finish one part 
for phosphorus, multiplying the result by two before calculating 
to perccaitage. Tlie other half of the filtrate and washings can be 
treated witli cinchonine solution to make sure of getting all of the 
tungsten. This part should be allowed to stand several hours to 
permit any tungsten present to separate out. It is then filtered 
out; washed with cinchonimi wash, 9 per cent (5 c.c. of cinchonine 
solution in 500 c.c. of water), ignited and weighed and twice its 
weight added to the main tungsten oxide weight before cal- 
culating it to percentage of metallic tungsten. For the deter- 
mination of tungsten in the presence of molybdenum (see pages 
156-158.) 

Phosphorus.— The other half of the divided filtrate is finished 
for phosphorus by evaporating it to 15 c.c. with 50 c.c. of cone, 
nitric acid. Do this twice. Finish for phosphorus as in vanadium 
steels. See pages^ 41-44. 

Tungsten. The total residue in the crucible remaining after 
the removal of the silicon with HF and a few drops of H2SO4 
ignition and weighing, con.stitutes the tungsten oxide plus small 
quantities of iron and chromium oxides is weighed again. If 
the original tungstic acid was thoroughly clean and yellow before 
the first evaporation to 15 c.c., then the amount of chromium 
oxide is negligible. 

The W03 + Fe203 + Cr203 residue is fused with 5 grams of 
carbonate of soda. The melt is dissolved with hot water. The 
small residue of iron is filtered out and washed free of carbonate. 
It is burned to a red flake in the same crucible, which mean- 
while has been thoroughly rinsed free of carbonate with dis- 
tilled water. The residue is weighed and its weight deducted 
from the weight of the W03TFe203-|-Cr203. 
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If the filtrato from tfio oarhonato fusion is cjuilo yellow, make 
it arid with sulpluirie aeid, lv>il with a sh^^ht exi'oss of pernian- 
ganat-o, and deL'niiine the ehrotniuin as in steels.* Caleulate 
the niilligranis of ehroiniinn found to ehroniic* oxuh’, and deduct 
it from the ( ’rjOa. Th(‘ reniaindi'r is the tungsten oxide, 

which ihultiphed by 71) HI and divided by the wiMght taken for 
analysis gives th(' p('re(ailage of tungstvn If the filtrate from the 
sodium carbonate fusion is only slightly yi'llow, the chromium 
may bo ignored m th(‘ calculations. 

(A) A good way to remov(‘ oxides of silicon, iron f and 
chromium from th(* tungstic oxid(‘ is to fusi' with A grams of 
potassium bisuli)hate. ddns fusion can b(‘ mad(‘ (jui(“kly. Heat, 
the crucible at first to a viay low h(‘at, below redness, until the 
bisulphate is molten and slight funi(\s of sulphuric anhydride 
appear. Then rais(‘ th(‘ h('at candiilly to low' rialiK'ss. Ki'cp 
the lid on the crucibh', raising it only slightly to obsiTve the 
progress of th(‘ fusion. When n'diw^ss has been n^ached and 
all danger of spattering is over, rais(‘ tlu' hd, and if the contents 
of the crucible are in a state of transparent fusion, with no yi'llow 
specks left imdissolviMl, th(‘ fusion is completial. One (‘,an see 
the bottom of the crucibK* through tlu* transpanait molten mass, 
and, if only pure white flakes ol silicK! acid ar(* floating about, 
the melt is perh'ct. (k)ol. Dissolve' in 10 grams of ammonium 
carbonate and 100 c.c. of wate'r, placing the crucible' in the 
ammonium carbeuiate .solutmn coiitame*d in a small casserede. 
Warm the casserole slightly to hasle*n matte-r^. Ke'Cf) it e‘e)vered 
with a w^atch glass to pre've'iit lei.ss elurmg lu'ating. (Use a 
casserole if a platinum elish e*anne)t be^ hael.) Filter, aeleling a 
little paper pulp. Wash wath waiter ceintaining ammonium 
carbonate until the washings are ne) le)nger milky when acieiu- 
late^d with a few drops of hyelre>e*hle)ric aciel and t(iste*el with 
barium chloride. Then wash ten times more. Ignite and 
weigh in the same crucible, anel elealuct the residue, which con- 
sists of all of the Si 02 , Ur 203 , and Fe 203 , from the WOs, etc., 
and calculate to percentage. The residue of Si02, if not pure 
white, is evaporated with hydrofluoric and sulphuric acid in 
the usual way, and the loss of w'cight constitutes the silicon 

* Or determine tlie chromium by color, p.iKO 11. 

t See bottom of page 104 relative to iron m sodium carbonate used to make 
the fusion for the removal of the iron. 
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present in the steel when multiplied by 46.93 and divided by 
the W(‘ight taken for analysis. 

The .sulphur in such steels can be obtained by fusinjj; 2 grams 
of thin drillings with 20 grams of sodium carbonate and 5 grams 
of potassium nitrate. Dissolve in water, filter, wash, roact, fuse 
again, acidulate with HCl, evaporate combined filtrates to 
dryness twice, filter after each evaporation, washing with 1 : 20 
HCl; add cinchonine solution, filter after two hours; pre- 
cipitate the filtrate with barium chloride and finish as in 
gravimetric sulphur in steels. Make blank determination on 
like amount of the flux and acads, proceeding e.xactly as in 
actual analysis, and deduct the sulphur found from that found in 
the fusion of the stei'l. Multijily the weight of barium sulphate 
less that found in the blank by 13.73, and divide by the weight 
of sample taken for analysis to obtain the per cimt of sulphur. 

Manganese . — lh-oc(*(‘d as for manganese m stei'l when chro- 
mium is pre.se nt, digesting the sample thoroughly with the mixture 
of acids as given. (See pages 32-33.) 


The Ignition of Evapouatinci-disiies at a Dfee Red Heat 
IN THE DETEUMIN.VnON OF SILICON AND TuNGSTEN IN StEELS, 

Using an Im.ectiuc Muffle Eltinace 

By far tlie best way to perform these ignitions, at a low red 
heat, is to use an (‘lectric niufll(‘ furnace. In this way the dish is 
heated uniformly^ and gradually all over. Also several ignitions 
can be carried out at the .same time. By putting a fireproof mark 
on each dish and carefully wiping all dust, etc., from the sur- 
faces of the different dishes, the latter can be put in the muffle 
in nest style. Dishes heated in a muffle are seldom cracked. 
In November^ 1915, the writer published the following type of 
electric muffle for this and other ignition purposes, and a portable 
rheostat to control its temperature obtaining any heat from 
below redne.ss to 1000° C. (S(*e pages 119-121.) 

A New Type of Portable Laboratory Rheostat. Photo No. 3 
shows the rheostat designed by the author with a view to making 
repairs more easy and to have a piece of apparatus with sufficient 
capacity to fill the needs of most laboratories. It consists of 


R('(id fX'mos 121-122 on sulphur in chrome-tungsten-vanadium steels. 
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twcnty-oiie coils of nicluonic wire a total resistance of 

30 ohms and a maximum (‘apacity of 14 amperi's. It can be 
used either on the furnace shown m Photo No. 3, at 10, or with 



Photo No. 3. 



Photo No 4. 


the larpe one given in Photo No. 4. It holds the large furnace 
in Photo No. 4 for any length of time at any temperature from 
200° C. up to 1000° C. 
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The rheostat occupies hut a few inches of table width and 
can be set behind the other apparatus. Repairs are easily made 
and the white board of hard asb(‘stos board gives a cheerful 
effect. If desired, two ^^uch rheostats can be bolted together, 
making a double instrument. The rheostat is practically inde- 
structible so long as its capacity is not exceeded, as there is 
nothing about its design to get out of repair. In Photo No. 3, 15 is 
the front and 14 the back view showing details of construction. 

A New Rectangular Laboratory Electric Muffle Furnace with 
Solid Heat Insulation Case. — The furnace shown in Photo No. 4 
is in principle just the same as the cylindrical furnace described in 
Photo No. 3, No. IG. A white solid case of kieselguhr surrounds 
the heating element and working muffle which has an available 
working space of 115X5X7 inches. This is ample for most 
laboratories. To control the temperature of the furnace the 
rheostat shown in Photo No. 3 is used and by means of it any 
desired temperature can be maintained for hours at a time up 
to 1000 ° C. The author keeps three furnaces of this size in 
constant service. 

On account of the simplicity of construction, the repairs can 
be easily made and, as no insulating powder is used, the furnace 
is free from j)owder falling out into the working chamber. With 
the absence of the heat insulating powder the I’epairs are much 
simplified. The whole furnace is supported and enclosed in a 
stout, soft steel frame, which makes it very rigid. 

The white casilig makes an attractive looking piece of appara- 
tus. The interior muffle on which the wire is wound is of 9 . 
special composition which is now being tested out. This same 
composition used in combustion boats made the remarkable run 
of 525 steel combustions per boat with the test boats still in 
commission but considerably worse for wear. It is highly 
probably that the muffle will be equally superior to the old 
mixture for cylindrical core muffles. 

The scheme is to keep these working muffles already prepared 
with the heating wire cemented on them ready for use so that 
repairs can be quickly made. As the furnace consists of but 
three parts its construction is considerably cheaper than that of 
the old types, besides having the advantages already men- 
tioned. A slow stream of air from the compressed-air line is 
passed through the furnace during ignition of silicons or graphites. 



SULPHUR DETERMINATION IN Cr-\V-V STEEL 


121 


The door opens horizontally: the author has found this 
arrangement to ho much more desirable than the vertically 
opening door us(h 1 in some of tlu^ old types. 

The (iRavimetrk' Determination of Sulphiui in (hiROMiUM- 
VANADIUM Steed without a Fusion 

Dissolve 4 or 5 grams of drillings in 200 (‘.(^ of cone, nitric 
acid mixed with UK) c.c. of coikd hydrochlorK* acid. Mix the 
acids and let the mixture stand until it turns red, before putting 
it in the steel. Use an 800 c.c. Ix'aki'i. After the action is 
over place the beaker on a graphite bath (s('(‘ page 488) and heat 
without boiling. Stir tlie residue off the bottom of the beaker 
at intervals of a half hour. If, aft(‘r an hour and a half of this 
digestion with the mixture of acids, th(' residue on the bottom 
of the beaker is not a clean y(41ow but still looks dark, especially 
in the layer touching the bottom of t.h(‘ Ix^aker next to the glass, 
then a fresh mixture of e(iual (piantity should be poured into the 
Ix^aker and the stiiring and digc^stion continued until the entire 
insoluble portion is a clear, bright yellow, putting in a third 
mixture if necessaiy. TIk^ d(‘(H>m[)ositi(>n having been (‘ffected, 
the contents of the beaker ar(‘ transferred to a G(K) (;.(!. casserole 
and evaporated on the graphite. Biffore the transfer to the 
casserole is made, 2 grams of sodium carbonate' are ailded to the 
solution and stirred in well. FvafxiraU^ to dryness. (k)ol; 
add 100 c.c. of cone. HUI; (ov(‘r; heat until ^all but the yellow 
residue of tungstic acid is in solution; evajx)rate again to dryness; 
dissolve as before with 50 (‘.c. of HCl and evaporate to 20 c.c. 
Add to the cool solution, 150 c.c. of water; heat and stir; add 
paper pulp and filter; wash with 1 : 40 H(4; add 20 c.c. of 
cinchonine solution and let stand for se'veral hours, preferably 
until the next day, to remove the last traces of metatungstic 
acid; ‘filter; wash with cinchonine water (5 c.c. of cinchonine 
solution to 500 c.c. of water) twenty times. Heat the filtrate 
and washings to boiling and precipitate the sulphuric acid formed 
with 25 c.c. of a saturated solution of barium chloride and finish 
the determination as in plain steels, page 335. This method is of 
course applicable to plain chromium steels and nickel-chromium 
steels which give low results with the ordinary evolution method as 
given for plain steels, when several per cents of either or both 
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of those elements are present. The cinchonine solution referred 
to is given on i)ag(‘ 131. Run blanks, repeating every operation, 
and dediuT the sulphur so found. 

The Detkhmination ok Sulchuk jn Alloy Steels, Pi«:rro- 
ALLOYs, Ores, and Other Surstanc’Es by Heatino to 
BltKiHT HeDNESS, or lllOlimi, THE KlNELY PoWDERED 
Body or Very 1'hin Drillinos, in a Stream of Hydrogp^n 
Saturated with Acid 

In 1909 the author of this book, see pages 49 and 177 of the 
first edition, calliHl attention to the fai^t that only a portion of 
the sulphur is obtained by the evolution as ordinarily applied 
to phiin carl)on steels. In some highly alloyed steels, notably 
the (4irome-tungsten steels, as litdle as one-twenty-fifth of the 
true sulphur is so found. The author had an expiTimental steel 
containing 0.250 per cent, sulphur that showed but O.OlO per cent 
sulphur by the ordinary evolution method as given for plain 
carbon steels. This steed cont.iined about 3 per cent chromium 
and 17 per cent tungsten and 0.49 per ceait carbon. 

The wrib'r tried many scheme's te) em'reaBue the failure eif 
the evolution incthe>els with no partieailar sue^ic'.ss until the 
autumn of 1911, when the fedlowmg plan was workexl out, whie'h 
gives practically all of the' sulphur by evolution as hydrogen 
sulphide. 

It was while leaking some exix'riments for the determination 
of oxygen in metallie^ tungsten pe>welcr, that Mr. 8. J. Lubowsky 
called the autluir’s attention te) the fact that hydrogen sul))hide 
was be'ing generat.e'd in the e)pe'ration. lie suggested that we 
might take ael vantage of the faed; to eletermine the sulphur in e)ur 
tungsten prexlucts. Acting e>n this suggestion, the author had 
him make a series of tests but it w;us founel that only a small 
part of the sulphur known te) be present was evolved, and that 
very slowly. After thinking the matter e)ver, the authe)r finally 
came to the ce)nclusion that hydrochloric acid from the generator 
was also being carried by the hydrogen through the apparatus and 
that it must be a necessary part of the reaction. The apparatus 
was then so arranged that the H passed through a bubble 
tube containing HCl before it entered the furnace. An imme- 
diate speeding up of the evolution of the HoS was noted and 
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the full amount of sulphur was ohtainiMi on the sample of tungsten 
being tested.* It soon (xaairred to tlie atithor that all of the 
sulphur in barium sulphate couKl be obtained by the reaction, 

• BaS()4-f-2HCl-i-8H-BaCi2+dH2()-f-H2S. 

This W5VS speedily demonstrated. The HjS began to apf)ear 
in the cadmium chloride' solution when the eh'ctric furnace had 
heated the tube containing barium .salt to near a yellow heat. 
The author decided to u.se pure barium sulphate to stiindarelize 
the iodine for titration of the H 2 S. Prae^tie^ally the the{)r('tical 
number of c.c. of the .standard iodine were n'ejuired, as will be 
shown. The same was found to be true of sodium sul[)hatc: 

Na2S()4-f2n('l+8II = 2Na(d-f-41l20-fH2S. 

After some years' use of this method the following an' the routine 
details for .sulphur in .stcf'ls containing much tungsten, or other 
alloys, etc. 

Method.— From 0. 100 to 1.000 gram is taken for analysis, 
depending on the sulphur conti'iit. A good ruh; is not to wi'igh 
more of the sample than will yield enough H 2 S to consuiiK' 50 c.c. 
of the iodine .standard. The sample should be finely divided, 
the finer the better. It should be sfiread out in as thin a layer 
iis po.ssible in the combustion boat. The boat* should be located 
in the hottest part of the “combustion tube." When alloy or 
other steels are being run, I gram of drillings is weighe<l. The 
drillings or millings should not be over 00 mesh, or else should 
be thin curly drillings. 

The sample is shoved into tube 5, Photo No. 5, pag(5 124. 
The stopper at 5 is pierced with a five-sixteenths inch diameter 
quarts delivery tulx^ that extends into the tube 5 to about the 
center and ends directly over the middle of the boat. This brings 
the acid and hydrogen directly to the sample and speeds up the 
reaction. (See drawing No. 3.) The combustion tube is sup- 
ported in a slanting pasition to drain off any conden.sed moisture 
or acid toward the outlet end at 7. If this is not slanted in this 
manner the tulx^ is liable to be cracked by moisture getting into 
the hot part. (See photo No. 5.) 
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The outlet end, being tapered, has no rubber stopper at 7, 
80 that the bubble tube 8 is connected with the outlet of the 
evolution tube with a short piece of rubber tubing. A rubber 



Photo No .'5. 

stopper at this point is unsatisfactory, and practically out of 
the question, as it gives more or less sulphur. It was found 
important to avoid all cooling at the outlet, as low results were 
obtained when the( outlet end was kept cold with wet wrappings. 

D Quartz Tube 



Qu'arti Tube or Tube Apparatua for Evolving Sulphur in tlie 

of Special Compoaition / FormofHzS from Baiinm Sulphate, 


Calcium Sulphate, Sodium Sulphate, • 
and other Substancea 

Drawing No. 3. 

For this reason this end is allowed to get quite warm, but not 
hot enough to cause the rubber tube connecting with 8 to give 
up sulphur in the form of H 2 S. All cooling devices must be 
omitted from 7 and are not needed at 5, unless a quartz tube 
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Photo No. 
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is used, as the special composition tube conducts heat very much 
less than the quartz. 

The Kipp 1 contains the stick zinc, and 1 : 1 HCl. It is a 
2 liter size. It is desirable to run two determinations at a time. 
The two furnaces are placed in parallel by distributing the 
hydrogen to both furna(‘es by means of a Y connection at 4. 
Photo No. G shows two determinations being run in two of the 
author’s type of electric furnaces which he published several 
years ago in the Met. and ('hein. Eng. It will be noted that 
it was necessary to have wet wrappings at the inlet ends of the 
tubes as quartz tubes were used at that time, 2 in Photo No. 5 
is filled with sti(?k KOH. 3 in Photo No. 5 contains a saturated 
solution of mercuric chloride to absorb any H 2 S coming from 
the zinc, or tubing. It is filled with the mercury salt solution 
to the depth of about 1 inch; 4 contains a IJ inch layer of HCl 
of 2 : 1 strength, i.e., two parts of acid to one part of water. 
The purpose of this tube is to saturate the hydrogen with II Cl 
before it enters the combustion tube at 5, Photo No. 5. The 
tube 4 should be refilled with fresh a(*id about every other time 
it is used. The tube 8 is empty and is used as a trap to catch 
any water or acid that distills over from 7. The 10X1 inch tube 
9 contains the absorbing solution of the cadmium chloride*, being 
of the same strength and amount as is used in the ordinary 
evolution method described on page 335 for the determination 
of sulphur in plain steel. 

As stated, the'finely powdered sample in the boat is shoved 
into 5, which should be nearly cold, or at least not hot enough 
cause to the hydrogen to explode. The boat is pushed into the 
hottest part of the tube at 6 in Photo No. 5. The furnace is 
of the same type as is used for carbon determinations. 

When the tube is in place the stopper is inserted tightly into 
5 and the stream of hydrogen is started through the apparatus. 
The hydrogen is passed through the tube for about twenty 
minutes to expel all air. The current is then turned on and 
the furnace is brought up to a yellow heat as quickly as possible. 
After the furnace has attained a yellow heat, the hydrogen is 
passed for an hour longer. With hydrogen still passing, the 
rubber connection is closed with a pinchcock just in front of 7. 
The first tube at 9 containing the bulk of the sulphur is removed 
and a simiEr tube is connected containing a fresh charge of 
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the ammoniaral solution of (‘adinium chloride. If the conditions 
are observed, as given, as a rule but. very litiK' sulphide forms 
in the second tiilx* at 9. Hut a third tube should be put in to 
make sure all of the sulphur lias beeniL'volv(‘d, esjHH'ially when 
deahitg with unusually high sulphurs or some substance liki* 
feiTo-vanadium which yields all of its sulphur only after some 
hours’ heating. 

The contents of the various absorjition tubes are poured 
through the same filter, beginning with IIk* tulx' containing the least 
sulphide. The sulphur d(‘termination is th(*n finished by iodine 
titration exactly as des(;ribed for plain steels on pages T}0-3!ir). 

Standanlizatiofi of the A pparolu,'^ and Ihr fodinc Sohdion 
with Barium Sidphatr. - 'V\w author decidi'd that the best 
standardization medium w'oiild be (‘.|). baiium sulphato, and 
found that this salt is ideal for this work as its sulphur is readily 
converted under the conditions to hydrogiai sulphide. The 
freshly ignited salt is weighed into a boat and shovixl into the 
cold evolution tube and the proc(‘ss is then (‘arried out as already 
outlined. The cadmium sulphide .so oblaiiaxl is litratixl to get 
the sulphur value of the iodine standard. Eor tlu' stamlardiza- 
tion it IS convenient to w(‘igh 0.()2() gram of tlu* barium sul- 
phate. A blank is also put through. As a cheitk standardization, 
one can use 0.010 gram of the HaS()|, d'lu' blank is deducted 
and the number of (‘.c. of the iodiiu' reijuiriMl to combine with 
hydrogen sulphide, (‘volved fiom the barium salt is divided 
into the sulphur content of the barium si^phato used. For 
example, suppose it is found that a blank determination put 
through every operation consunKal 1.8 c.c. of iodine and that 
0.020 gram of the suliihatc produced enough sulphide to con- 
sume 24.4 c.c. Then since barium sulphate contains 13.73 per 
cent sulphur, 0.02X01). 1373 divided by 22.0 (‘((uals 0.000121, 
or 1 c.c. of the standard iodine ciiuals 0.(KK)121 gram of sulphur 
under* the conditions as given. 

Theoretically, a standard iodine containing 1 milligram of 
iodine per c.c. should be eipiivalent to 0.000120 gram of sulphur 
per c.c. of the iodine solution: 


CdS+2n(n-CdCl2-fH2S, 
H2S+l2 = 2HI+S. 
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Therefore, 1 gram iodine or ' ’ or 0.126 gram of 
sulphur. 

Ihe following table <gives results obtained on various sub- 
stances by fusion with carbonate of sodium and niter, or by 
fusion with a mixture of sodium carbonate and sodium peroxide 
followed by solution m water and acid; evaporation; filtration 
and final precipitation with barium chloride, weighing the barium 
sulphate so found, being the gravimetric^ results. The same sample 
was also analyzed for its sulphur content by the evolution at a 
yellow heat in an atmosphere of hydrogen and HCl. 


Sample 

Hcsnlt Obtiiinod 
by Hot l ubr 
Kvobitioii 

Vvr Out S 

iCofliilf by 
(iraviiiK’tno 

Method 

Per Cent S 

Kind of Material 

H. S. Rtccl ))ot. on the 


0 070 1 

18 per cent W 

open market 

0 070 

5 per cent O 

“D — " H. S steel 

0 085 

0 083 

High in Cr and W 

No. 1501 H. 8 

0 009 

0 004 

High in Cr and W 

No. 882 H. 8 

0 032 

0 028 

High in Cr,W and V 

U. S. Govt. H 8. std 
No. 31 of 0 019% 8 

0 020 

0 020 

I 

High m Gr and W 

Rex A A 

0 029 

0 030 

H igh m Cr, W\ and V 

W. T. experimental 
steel 

0 258 

0 205 

High in Cr and V 

Tungsten powder 

0 on 

'’I''raee 

Tungstateo' calcium 

Scheelite 

0 320 

0 34 

Portuguese 

Wolframite 

0 -too (with lime) 

0 459 


Wolframite, 1). C. N Z | 

0 718 (with lime) 

0 710 * 


<<p — " ferro-vanadium 

0 1.50 (with lime) 

0 148 


Sodium sulphate 

22 04 

22 50 (theo- 


Vanadate of iron 

0 275 (with lime) 

ndical) 

0 284 


Sodium uranate 

0 094 (with silica) 

0 093 


English ball elay 

0 005 

0 005 


Scheelite concentrates 

0 990 (with lime) 

0 891 

Tun gstateof calcium 

New Jersey saggar day 

0 123 (with lime) 

0 133 


Metallic tungsten pow 
der lot No 1(K)2 

0 007 

0 008 


Ferro-molybdenum 

0 030 

0 025 


Ferro-molybdenum 

1 80 

1 82 


Ferro-tungsten .... 

1 

0 175 

0.180 
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It is to be noted that those samples marked (with lime) 
were mixed with quicklime before reducing. If this precaution 
IS omitted the results are far below the gravinuTric figures. 
Also that ferro-vanadiiim gives up its .^lilphiir v(‘ry slowly, some- 
time^ requiring as much as twenty hours before all of the sulphur 
is evolved. Sodium uranate must be mixed with considerable 
precipitated silica, or it will be exiredingiy corrosive in its action 
on tubes and boats. Again, the method is not apfilicable as 
yet to arsenic sulphide, as much of the latt(‘r, probably all of it 
simply distills over umh'composed. Also some (‘lays do not 
yie.ld all of the sulphur for some r(‘ason not yet det(‘rmin(',d, 
but in spite of this fact the nu'thod is (‘xiKaalingly valuable for 
approximate sulphur on all clays that th(‘ w’rit(*r has tested, 
giving a quick commercial method for grading clays acTording 
to high or low sulphur rating. 

The method is entindy a(‘curat(‘ for all alloy st(‘(‘ls, tungsten 
compemnds, and molybd(‘num (*ompounds and ferro-molybde- 
num and ferro-tungsUm that tin* writ(‘r has thus far tested. 
He relies entirety on tlu' nu'thod for th(*s(‘ substanc(*s. Two 
or three hours b(‘ing all th(‘ tim(‘ KHpiiivd to evolve the entire 
sul[)hur. Tlie work reqiiin's very little of the operator’s time 
during the period of the (*volution. Th(‘ ap{)aratiis is inspected 
once an hour when a fn'sh absorption tub(‘ is set in place. 
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Part IV 

ANALYSIS OF LOW PER CENT TUNGSTEN STEELS 

When iun^sU'n, phosphorus, juid silicon are wanted in steels 
that contain from 3.0 to 3.5 p(‘r cent tungsten and less than 1 
pcT cent chromium, dissolve 3 grams in 00 c.c. of 1.20 nitric acid 
in a No. 5 dish. Evaporate to dryness. Ignite to dull red. 
Cool and dissolve in (;onc(‘ntrat(Ml hydrochloric acid, and finish 
as given under the analysis of high chromium-tungsten steels 
when silicon and phosphorus are wanted. 

Analysis of All Tunosten and Chrome Steels when 

(aiKOMILM AND TuNOSTEN, ONLY, ARE ASKED FOR 

Third Method for Tungsten in Steel.— Dissolve 2 grams of 
sample in 30 c.c. 1 : 3 sulphuric acid. Heat until all action is 
over. Add GO c.c. 1.20 nitric acid and digest at just below 
boiling until the residue in the 400 c.c. beaker is a clear y(41ow free 
of black particles. Dilute to 200 (‘.c. with water, and boil for 
twenty minutes. Add some papier pulp, filO'r out the main 
tungstim, and wash it free of iron test with dilute sulphuric 
acid. Dilute the filtrate to 500 c.c. and mix. From this solution 
fill a 250 c.c. flask to the mark. 

First Portion . — Precipitate the remaining tungstic acid from 
this portion with cinchonine. Wash it free of iron-test with 
water containing cinchonine solution. Ignite it. Weigh and 
evaporate the weighed K^sidue \vith a few drops of II^SOi and 
about 10 c.c. of HF in the manner desiaibed on page 115, obtain- 
ing the tungsten in this portion as d(‘scribed. Multiply this 
portion of the tungsten by two and add this weight to that 
gotten from the main tungsten after it is purified. This main 
tungstic acid is ignited, weighed, the silica is removed by evap- 
oration with a few drops of H2SO4 and 10 c.c. of HF. It is 
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ignited at a low red and weighed again. Fuse it with twenty 
times its weight of sodium earhonate at a bright r(‘d heat ; 
dissolve the fusion out in vvat(‘r; wash the insolubh' thoroughly 
with water; ignite the residin' on th(‘ ti^i'r until nothing remains 
but a brown residing; weigh this, deduct tlw' weight from the 
silica-fr(‘(‘ wiMght of the mam tungstic acid; to this remainder 
add twice the w’l'ight of the punfii'd tungstim oxidi' obtained 
by cinchoniiu'. This last total constituti's thi' total VV():i w^hich 
is converted to m(‘talli(‘ tungsti'ii by th(‘ factor .71)31 . 

Second Portion. Vnnsh this for chromium as given under 
determination of chromunu m chromium-vanadium st(*el, pagi'S 
f) and 10. If the (‘lu'nust pr(*f(‘rs to obtain tin* chromium by a 
separate analysis, he can g('t th(‘ total timgsti'ii by on(‘ opi'ra- 
tion. Till' entin' filtrati' from th(‘ mam tungsten ri'sidiK' is 
precijiitated, without dividing it, by cinchonuH'. This jire- 
cipitatr is burni'd off with th(‘ main residin'. Tin' combined 
residues which (‘onstituti^ the total tiingsti'ii from 2 grams of 
sample are then frei'd from impuritn's in tin' usu; I way with 
bisulphate or sodium carbon.*it(', and tin' total wi'ight of pure 
W();i is miiltiplii'd by 79 31 and dividi'd by tin* wi'ight taken 
fur analysis to obtain tin' per ci'iit of tungsten, if tlu' iron 
oxide is removed by sodium carbonate* thi' silica is first ri'inoved 
by eva})oration with hydrofluorii? ai'id and sulphuric acid as 
given on ])agt' 1 15. ddu' residue* remaining afte*r evaporation is 
igniteel, weiglu'el, anel then the* ireui is n'lnoveal by the eiarbonate 
fu.sion. • 

Cinchonine Solution.— Dissolve 25 grams of cinchonine in 
200 c.c. of 1 : 1 hydroe'hloric acid. 

Cinchonine pr(*cipitate*s tungsten almeist instantly from 
moelerately acid hydrochloric solution. It prea-ipitates mf»lyb- 
denum after con.side'rable* lap.se* of time;, anel the'ii only partially. 
At least, the above* state*ment reigareling molybdenum is correct 
if the? atteaiipt is made* m the* manne'r as give'ii for tungsten. 
This coiistitute's a elistined ehlTe‘re*ne;e between these two elements. 

Analysis of Chrome-tungsten-vanadium Steels for 
( hiROMIUM AND VaNADIUM 

These elements are determined as in chrome- vanadium steels, 
boiling with sufficient excess of permanganate so that the tung- 
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sten residue looks brown from manganese oxide after twenty 
minutes’ boiling. Filter on asbestos, or through a porous 
crucible and finish as usual. (See pages 5 and 10.) 


The Analysis of Crucible Slag from Tungsten- 
vanadium-chromium Steel 

Tungsten Oxide and Silica. — Fuse 1 gram of the finely ground 
slag with a mixture of 10 grams of .sodium carbonate and 2 grains 
of potassium nitrate in a platinum crucible. Dissolve the melt 
in a platinum dish in water and transfer the solution and the 
insoluble matter to a 600 c.c. casserole; acidulate with an excess 
of HCl, about 75 c.c.; heat with the cover on until all effer- 
vescence is ov(‘r, and evaporate to dryness on the graphite; 
heat with 30 c.c. of (‘onc. HCl to dissolve the iron; then with 
150 c.c. of water to dissolve the sodium salt; cool; adtl paper 
pulp; filter; wash with 1 : 40 HCl until free of iron test; hold 
this residue (A), as the main silicic and tungstic acids; the fil- 
trate and washings from A are again evaporated to dryness; 
dissolved; filtered and washed as above; and the residue on 
the filter is designated as B. The filtrate and washings from 
B may still contain a little sodium metatungstate which is 
recovered by adding to the said filtrate and washings 10 c.c. of 
cinchonine solution; and, after stirring the same well, at least 
four hours are alk>we(l to elapse before the tungsten cinchonate 
(C) is filtered out; washed with cim'honine water and burned 
off with B and A. The ash from A, B, and C contains all of tlie 
tungsten and sili(‘a. The latter is removed by evaporation 
witli 15 c.c. of HF and 10 drops of cone. H2SO4 and ignition at 
a low red heat. The difference between the weight of the ash 
from A, B, C, before this evaporation and its weight after the 
evaporation and ignition, is calculated to percentage of Si02. 
The residue remaining after the evaporation with HF, etc., is 
fused with about twenty times its weight of sodium carbonate 
at a bright red heat for a half hour, or until all bubbling of CO2 
is over; is dissolved in water; the insoluble residue is filtered 
out; thoroughly washed free of salt; ignited; weighed; and de- 
ducted from the silica free weight of A, B, C. The remainder 
so obtained is figured to percentage of WO3. 
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Oxides of Calcium, Magnesium, Manganese, and Iron.— 

Fuse 1 gram of the slag as above and proceed fis directed up to 
the point where the filtrates and washings from B are obtained 
w'hich will contain all of th(' ('a, Mg, and Mn except a small 
amount remaining with the A and B. E'us(‘ the jush from A and 
B with sodium carbonate as above, obtaining thi^ water-insol- 
uble residue which, after being thoroughl}^ wiished, is dissolved 
in HCl and added to the mam filtrate^ from B. A double basic 
acetate separation of the iron from the manganese in this main 
filtrate is made as directed on pages 211 and 215. On the filter, 
after the second basic acetate s(‘paration, will Ix' tlie iron, chro- 
mium, and aluminum, and souk* V. In the combined filtnites 
from the two basic a(‘etat(‘ s('parations will Ix' the manganest', 
calcium, and magnesium, whi(‘h are separated and determined 
in the manner as given on page Llo. (.'all the combined fil- 
trates “X." 

The acetates of iron, chromium, aluminum, titanium and part 
of the vanadium if present, are ignited and weighed at constant 
weight as Fe 203 phis Abtla plus ('rjO.i plus Ti 02 plus some V 2 O 5 . 
These oxides are fused with tw(‘nty times their weight of sexiium 
carbonate intimatc'ly ground with twice their weight of potassium 
nitrate to render the mixture f)f oxides .soluble in aiad. After 
keeping the melt in a molten (condition for fifteen minutes, it is 
cooled and dissolved in wat(‘r and acidulated with an excess of 
HCl; heated in the ponxdain dish (to which the water solution 
of the fusion is tran.sferred before the acidulafion is made), until 
all effervescence is over; the cover is removed; more acid is 
added, if necessary, and all is concentrated until a complete 
solution of the oxides is effected. The solution is then diluted in 
a volumetric flask U) 500 c.c. and 250 c.c. are converted into 
nitrates by evaporating twice to 20 c.c. with 50 c.c. additions 
of cone, nitric acid. This nitric solution is analyzed for vanadium 
as in ferro-vanadium; the vanadium found is calculated to V2O5, 
multiplied by two and di^ducted from the total weight of the 
Fe 203 plus AbOa phis Cr 203 , etc., above mentioned. The other 
250 c.c. are transferred to a liter boiling flask and peroxidized 
to remove the chromium and any vanadium in the manner 
described on page 179, until a filtrate is gotten that is free from 
any yellow color of chromium. The residue remaining on the 
filter after the final peroxidation will contain all of the iron 
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except a film of the latter remaining in the peroxidation flask. 
The iron on the filter is dissolved off with 1 : 1 HCl and is com- 
bined with the small portion recovered from the flask by wanning 
in it some 1 : 1 HCl. This total iron is free of chromium and 
vanadium and can he determined by reducing it with stannous 
chloride as in iron ores or it can be converted to sulphate and 
reduced with the zinc reductor and titrated with pennanganate. 
The combined filtrates from the peroxidation contain all of the 
A1 and Cr in one-half of the original 1 gram weight. The A1 
can be removed frojn the combined filtrates by adding 1 : 1 
HCl slowly and with rapid stirring, until a turmeric paper no 
longer irnmediatelu changes to even a faint brown tint when 
dipped into th(^ solution being neutralized. When the turmeric 
fails to change the solution is still alkaline enough to prevent 
any redissolving of the aluminum. The aluminum can then be 
filtered out and determined as given on page 36. The iron 
found as above is calculated to FcO by the factor 1.286 and 
multiplied by 2 being one-half the .samifle. 

Chromium Oxide and Vanadium Oxide. — Fuse 1 gram of the 
ground slag in an iron crucible with 8 grams of sodium peroxide; 
dissolve out the fusion in water and boil for ten minutes in a 
cas.serole; acidulate with 150 c.c. of 1:3 sulphuric acid; boil 
with an excess of potassium permanganate and finish for chro- 
mium and vanadium as in steels. In onku’ to fix the proper 
blank for the vamidium titration and to (^heck the chromium 
determination, 330 mgs. of potassium dicfliromate and 60 mgs. 
of vanadium pentoxide of 99.7 per cent V were fused in the same 
way as the slag and put through all of the operations. It 
required 132.6 c.c. of the double sulphate standard to react with 
the chromium; therefore 0.330X0.3535 divided by 132.6 equals 
0.(XX)88 gram, or the value of the sulphate standard in chro- 
mium per c.c. The vanadium added, or 60X0.997, equals 
0.0598 gram of V2O5. The percentage of V in the pentoxide 
being 56 per cent, there- was present in the standard mixture 
0.56X0.0598, or 0.0335 gram, V; 1 c.c. of the sulphate equals 
0.00254 gram of V; therefore it will require 13.2 c.c. of this 
standard to equal 0.0335 gram of V. Now by actual titration 
17.0 c.c. of the sulphate were used to obtain the blue end-point 
in the second part of the titration made after the addition of 
the ferri cyanide as in steels; (see page 11) hence the blank to 



OXIDES OF Cr, V, AND A1 


135 


be applied to the analysis of the tests of the alag should be 
17.00 c.c. less 13.20 e.c. or a blank of 3.8 c.c. A mixture of 
380 ings. of K-iCrjOr and 80 mgs. of V 2 C)'', [)ut through the fusion 
and all of the above operations gave a I'hrome value of 1 e.c. of 
the standjird equals 0.(XX)88 gram of ('r and a V blank of 4.0 e.c. 
The average blank is, therefore, 3.9 e.c. In this particular 
slag by the above metluHl 2.90 pcu* (*ent and a cheek result 
of 2.92 per cent V W(‘re found, which multiplied by the factor 
of 1.627 gave a v.alue in V-jOt of 4.71 per ecait. The chromium 
found, using the abov(‘ factor of 0.(K)088, was 11.76 per cent ('r 
and a check r(‘sult of 11.88 pen* (Mmt ('r giving an average of 
11.82 which multiplied by th(‘ factor 1.461 (‘(puds 17.26, or the 
percentage of ('r-jO;} in tin* slag. 

Alurninuin.— Uiivin^ found the total iron by doubling that 
found in lh(‘ 250 c.c. portion, it (?an also Ix' calculated to Fe^Oa; 
to the ferri(‘ oxid(‘ add twice the vanadic oxide found in the 
other 250 c.c.; to this sum add the chromic acid found in the 
8eparat(^ portion: dcxluct tlui total of the three oxid(*s from 
the total of the oxides of iron, chromium, aluminum, and vana- 
dium (being tlu^ portion of th(‘ vanadium that may be carried 
along with tli(‘ other oxid(‘s) and tln^ r(‘maind(‘r is (‘alculated 
to percentage as Al-jOj plus any titanic oxide or phosphoric acid 
that may be pres(‘nt. 
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Ca, Mn, and Mg in Crucible Slag.— The combined filtrates 
“X'’ from the basic acetate separations of the “iron, chromium, 
and some V” (page 133) are made slightly ammoniacal and then 
an excess of ammonium persulphate or about 20 grams are 
added and the manganese is precipitated; the solution is heated 
until the precipitate separates well, leaving a clear supernatant 
fluid. A little ammonia is added from time to time to make sure 
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that the solution is always faintly amrnoniacal. The precipitate 
of hydrated oxide of manganese is filtered off; washed with 
water containing ammonia salt and a slight excess of ammonia. 
Call this filtrate and washings (A). . 

It is advisable to mix some paper pulp with the manganese 
precipitate to hasten the filtering and washing. The precipitate 
is then dissolved off the filter with a mixture of 30 c.c. of sul- 
phurous acid water and 30 c.c. of 1 : 1 HCl. The paper and 
pulp is thoroughly washed. The pulp should be upset to make 
sure that none of the precipitate has escaped being dissolved. 
The top part of the pulp will frequently look free of the hydrates 
but underneath brown spots of the hydroxides will be found 
undissolved. Treat th(‘S(i spots with more of the mixture of 
sulphurous acid and hydrochloric acid. This solution and 
washings ai‘e rc^precipitated as Ix'foi’c with persulphate and 
ammonia. The precipitate is washed with aimnonia salt and 
slightly amrnoniacal water. Call this filtrate and washings (B). 
The washed precipitate is now dissolved off the fiber with a 
measured amount of the standard sulphuric acid solution of ferrous 
ammonium sulphate. Ups(‘t the pulp in this case also, saving 
part of the staiulard mixture to dissolve any unattacked brown 
colored hydroxide spots that are found underneath in the pulp. 
Keep turning ov(‘r th(‘ pulp during the washing also. In this 
manner th(' filter and pulp are thoroughly washed fi’c^e of ferrous 
iron test, using ferricyanide to test for the presence of ferrous 
iron in the wash 'water, ddiis solution and washings of the 
manganese are titrated to the first pink with standard KMn 04 . 
The number of c.c. of the ferrous standard measured, less the 
number of c.c. of the KMnOi standard used, multiplied by the 
manganese vahi(‘ of the sulphate standard per c.c. will give the 
number of milligrams of Mn found. This figure multiplied by 
the factor 1.291 gives the equivalent in MnO. 

Standard Solutious.—'Vhe ferrous ammonium sulphate standard 
is made by dissolving 19.5815 grams of the c.p. salt in water; 
add to this 50 c.c. of 1 : 3 H 2 SO 4 and dilute to 1 liter; 1 c.c. of 
this solution should equal about 0.00134 gram of metallic Mn. 

The KMn 04 standard solution is made by dissolving 1.58 
grams of the c.p. salt in water and diluting it to 1 liter; 1 c.c. 
of this solution should be equivalent to 1 c.c. of the sulphate 
standard. Keep in the dark. 
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Calcium and Magnesium. — Combino filtrate and washings 
(A) and (B) and finish for these elements as described on page 
431, beginning at the point where “the filtrates from the double 
precipitation of the iron are combined! evaporated t,o (>()(), c.c., 
heated to boiling, an<l the calcium is precipibited with 50 c.c. 
of a saturated solution of atnmonium oxalate.” The magnesium 
phosphate found in the filtrate from the lime is multiplied by 
the factor 0.3r)2(H) to convert it to MgO. 

Phosphorus. -The phosphorus for the reasons given on 
pages 90-91 must be gotten by dirca^t solution in t he same manner 
as given for fcrro-tungsten (sec page 90) phosphorus detenni- 
nations. 



CHAPTER IV 


Part V 

DETERMINATION OF TANTALUM AND TUNGSTEN IN THE PRES- 
ENCE OF EACH OTHER APPLICABLE TO ORES, ALLOYS AND 

STEELS 

One gram of sample is weighed into a platinum dish or its 
equivalent (platinum gold alloy will answer as a substitute for 
platinum ware in this work). Add about 50 c.c. of HE; then 
5 c.c. cone. IINO 3 , drop by drop, until action ceases in the case 
of ferro; in the case of ore, warm until all except perhaps a white 
residue is dissolved. Add 5 c.c. cone. H2SO4; evaporate to 
heavy white fumes; continue this fuming for some time; cool 
the dish; di.ssolve the contents in a mixture of 60 c.c. of HCl 
and 60 c.c. of water. Heat for about one hour on graphite 
bath; cool; mix considerable ashless paper pulp in the dish; 
filter; wash thoroughly with 1 : 30 HCl; this will require forty 
to sixty washings. 

Hold this filter paper, marking it No. 1 . To the filtrate 
from No. 1 add cinchonine solution; then let this filtrate stand 
overnight. Filter tungsten precipitate; wash with cinchonine 
wash; mark this filter paper containing the tungsten precipitate 
No. 2. Burn off papers No. 1 and No. 2 in platinum dish at a low 
heat. This residue con.stitutes the total tantalum and tungsten. 

Put into this dish 10 grams of NaOH and 15 c.c. of water; 
heat on graphite bath for ten minutes; then boil for three minutes; 
cool; add 60 c.c. water; boil for one minute more and cool again. 
Transfer to 800 c.c. beaker. Dilute 400 c.c. with water. Filter 
out insoluble residue, mixing in with it considerable paper pulp 
before filtering. Wash with 1 per cent solution of NaOH; hold 
this paper, which contains the bulk of the tantalum. Make the 
NaOH filtrate and washings from the main tantalum acid with 
HCl; then make same just ammoniacal. Add 20 c.c. excess 
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of ammonia; boil five minut<'s; filtor; hold this filter paper, 
which contains the remainder of the tantalum, d'he filtrate 
from it is made acid with IK’l; add 50 c.c. cinchonine solution 
and let vStand overnight to pnaapitate 4 he )uani tun^»;sten, free 
from tantalum. 

The ‘two filters containing the total tantalum, to^cdber with 
a little tunj>;sten, are burned in the same platinum dish at a low 
heat; cool; and extra(‘t as ii^ the first instamv with U) ^^rams 
NaOH and 50 c.c. of \\at(‘r: filtc'r, washing thorou^jhly with 
NaOH w'ash. This will remove any small amount of tunj^sten 
that may have been O'tained in No. 1 and No. 2 pn'cipitatcs. 
Mark this paper (A), ddie tiltrat(‘ from (A) will (H)iitain the 
small anunint of tungsten and also may contain a little tantalum 
dissolved by the NaOlI. 

Filtrate from (A) is made acid with 11(1; then ammoniacal, 
using an exci'ss of 20 c.(‘. of ammonia; boil five minutes; filter 
off small amount of tantalum, if any; wash with ammonia w\ash 
twenty times and mark lh(‘ pa pin* (B). 

Filtrate from (B) is made acid with HCl, 50 (^.c. cin(‘honine 
added and allowed to stand ovc'rnight. Filter off both the 
main and the small amount of tungsten obtained by th(' two 
cirndionine precipitations on th(‘ same filter; wash with cin- 
chonine wash: burn off m a w('igh(‘d platinum crucible or its 
equivalent; remove the silica as usual with IIF containing 
sufficient sulphuric acid, that is, thoM* or four drops of cone, sul- 
phuric acid. Drive off excess H2S()| as usii^l; ignite to a low 
red heat and weigh. This weiglual residue is fiiscal with 15 grams 
Na2CX)3. Dissolve the melt in a ])latinum dish in water and trans- 
fer the contents of the platinum dish to (300 c.c. beaker; make acid 
wath HCl and then ammoniacal with 5 cc. excess of ammonia; boil; 
filter; wash forty times \vith I : 1 NHAIH. Burn off the washed 
paper in a platinum crucible until (ffiar is all gone; weigh. The 
difference between this wedght and the i)revious weight gives 
the pure WO.3. 

Filters marked (A) and (B) are now combined; burned off 
in a platinum dish with 50 c.c. of HF and 5 c.c. cone. H2SO4. 
Evaporate this mixture until the residue appears to be the 
condition of a moist solid. Dissolve this solid in a mixture 
of 70 c.c. of water and 30 c.c. HUl; heat for twenty minutes on 
a graphite bath. Mix in, about an equal bulk of paper pulp; 
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filter; Wcosh thoroughly with 1 : 30 HCl. Hold this filter paper 
pulp; lot the filtrate stand overnight, as frequently some tantalum 
will separate out in filtrate and washings after standing some 
hours. 

If any precipitate forins, filter and wash as above. Combine 
this paper with the paper pulp filter; burn off paper and weigh 
again. If the residue is not pure white, dissolve again in 50 c.c. 
of HF and 5 c.c. Il 2 SOt cone.; evaporate as before to a solid; 
dissolve this solid as before in 30 c.c. HCl cone, and 70 c.c. of 
water; filter; burn off and weigh again, when the residue should 
be pure white or nearly so, constituting the total tantalum oxide 
plus any niobium that may be in the ore or alloy. 

No attempt is made in this method to separate tantalum 
from niobium. It is assumed that these elements are both 
present in this residue. 


The Analysis of Tantalum Ore and Fkrro-tantalum when 
S iLK’A IS not 1U:quired 

This is a simple proposition both in the ore anfl the ferro 
on account of their ready solubility in HF. Indeed the tantalum 
content can be obtairuMl in three or four hours. Weigh into a 
platinum dish of about 150 (!.c. (capacity, 1 gram of the finely 
ground ore; pour upon it 20 c.c. of HF, (;.p. grade, and then 
add cone, nitric aiad, a drop or two at a time, until all action 
ceases, which is vigorous in the case of a ferro; add in all 5 c.c. 
In ores 1 or 2 c.c. of the nitric is sufficient, as no action takes place. 

Now add 5 c.c. of cone. H 2 SO 4 and evaporate on a graphite 
bath until no more fumes of SO 3 arc formed. Add 30 c.c. of 
cone. HC3 and 70 c.c. of water and heat for an hour. Filter 
on a double 11 cm. paper, wash forty times with 1 : 20 HCl 
and ignite at a low red heat in a weighed platinum until white; 
cool and weigh; calculate the Ta 2().5 so obtained to njetallic 
tantalum in a ferro by use of the factor 0.8194. The foregoing 
scheme assumes the absence of tungsten, and that no attempt 
is made to discriminate between tantalum and niobium. 

The tantalic acid obtained will contain all of the tungsten 
present as the method is the same as the one given for the latter 
element on page 74. To separate the tantalum from the 
tungsten, use the sodium hydroxide extraction method as given 
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on pages 138-139. Mr. l^ugerie Fleck of this laboratory worked 
out the hydroxide extraction method. 


Silicon in Ferro-tantalum and Tantalum Ore 

Fuse the finely ground sul)stanc(' in :in iron crucible with a 
mixture of sodium peroxide and Mxlium carbonate m the same 
manner as givim for gravimetrii! sulphur m ferro-titanium- 
silicon-aluminum on pag(‘ 17. Dissolve' out the' fusion in wati'r; 
acidulate it with H('l afU'r transferring the' water solution to a 
casserole or pona'lam dish; lu'at until the iron is dissolveul; 
add about 40 c.c. of 1 : 3 sulphurn^ acid; evaporate to thick 
fumes; cool; add water; lii'at until all iron sul[)hate is dissolved; 
filter ofT the insoluble n'sidiK', which should contain all of the 
tantalum :in(l silicon. Wash fre'c of iron ; ignite'; we'igh as oxide 
of Ta, W, and Si. Fvaiiorate' with 15 c.(\ of tIF and 2 c.c. 
of cone. lIjSOi. Then' must Ix' an (‘xex'ss of sulphurK; acid 
or tantalum tliciride' will be volatilize'd as a white sublimate. 
Ignite at a low ri'd, afb'r ('vaporation to dryne‘ss. Loss of 
weight is sihea The re'sidiK' in the' crucible wnll constitute the 
total tantalum plus all of the' tungste'ii if eanclmnine' is useel 
on the' filtrate' from the' insoluble' re'sidue' anel any pre'e^ipitatei 
se> found is burne'd off with this last re'sielue^ 'This total Ta 
and W resielue^ can tlie'ii be' finishe*el fe>r these' twe) elements as 
previously de'scribeel. Hun blanks ein all e)j)erations fe)r silica 
anel detluct the silieui se> founel. 

The following re'cove'rie*s we're' maele' by aelding knejwn anmiints 
of tantalum in the form of fe'rro-tanttdum, also in kne)wn mix- 
tures of tantalum a-iel tungsten eire The' fedleiwing amount of 
tungsten was addeel to ferro-tantalum; 


Tungden in Mixture No 1 


Added 

0 1700 gram \V 
0 1700 graiP W 


Foiind 

0 10811 gram W 
0 1703 gram W 


Tantalum in Mixture No 1 


0 6300 grarr Ta 


0 6300 gram Ta 
0 6300 gram Ta 
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Tungsten in Mixture No. 2 
Added Found 

0.0170 gram W 0 0174 gram W 

Tkntalum m Mixture No. 2 

0 6300 gram Ta 0 6270 gram Tar 

0 6280 gram Ta 

Tungsten in Mixture No. 3 

0 0085 gram W 0 0095 gram W 


Tantalum in Mixture No. S 

0 0300 gram Ta 0 6210 gram Ta 

0 0260 gram Ta 


Mixture W and Ta Ores 
Mixture No. 1 

0 250 gram tantalum ore of 75 0 per cent Ta206 
Recovery of 'ra^Ot from Mixture No. 1 

0 1875 grams Tai-Os added 
0 1900 grams Ta^Oj found 
0 19(X) grams TaiOc, found 

0 750 gram tungsten ore of OS 0 per cent WOs 
Recovery of VVOj from Mixture No. 1. 

0 5100 gram.s WOs added 
0 5105 grams WO3 found 
0 5158 grams WO 3 found 


Mixture No. 2 

0 750 gram tantalum ore of 75 0 per cent TajOs 
Recovery of Ta/)!, from Mixture No. 2 

0 5700 grams I'a^Oj added 
0 58(K) grams 'I'aiOi found 
0 5700 grams Ta^Oj found 

0 250 gram tungsten ore of 68 0 per cent WOs 
Recovery of WO 3 from Mixture No. 2 

0 1700 grams WO 3 added 
0 1700 grams WO 3 found 
0 1720 grams WOs found 
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Tantalum in Steel. — Dissolve 3 grains exactly as for tungsten 
in high speed steel (see page 114). Finish as for tungsten up 
to the point where the silicon is reinovial with HI' and sulphuric 
acid. The ignited residue will contaiif all of the tungsten, if 
any he present, and all of the tantalum. This residue should 
be ignited at a very low red heat only; just hot enough to remove 
all of the filter char. This evaporation and ignition should he 
done in a platinum dish for convenience. Extract the residue 
with NaOH as descnlx'd for Ta in alloys and finish for Ta and 
W as therein described (page 138). 



CHAPTER V 


Part I 

MOLYBDENUM POWDERS 

Carbon.— Carbon is obtained by direct combustion in a 
stream of oxygen, usinfz; the (Tad-ric! furiKice witfi temi)eratiire 
})(‘tween 900° and 950° C. D(‘carbonization takes about a half 
hour. Use some red lead wlien the silicon content is high; 2 
grams of the former per gram of Mo. 

Phosphorus . — If any molybdic acid separates out during the 
course of a detcririination of phosphorus as in steels, it is certain 
to carry phosphorus out with it as phospho-molybdic acid, in the 
same way that tungsten do(‘s. In such cases, dissolve the ferro 
or powder in a mixture of equal parts of cone. HCl and HNO 3 . 
Take 0.813 gram of the sample; dissolve it in 100 c.c. of the 
mixture; heat until all action is over; add 100 c.c. of cone. 
IICl; heat with the covin' on until action is over and evaporate 
to 25 c.c. Dilute t<; 400 c.c. and remove the bulk of the molyb- 
denum with II 2 S. Filter; wash; and evaporate the filtrate and 
washings to 20 c.c. Add 100 c.c. of com;, nitric acid; heat with 
cover on until action is over and evaporate to 25 c.c. Transfer 
to a 150 c.c. beaker; dilute to 40 c.c.; boil with a slight excess 
of KMn 04 and finish as in phosphorus in steel. 

Silicon. — Dissolve 1.5 grams in 60 c.c. 1.20 nitric acid. Add 
120 c.c. of 1 : 3 sulphuric acid. Evaporate in a porcelain dish 
on graphite or sand bath to thick white fumes of sulphuric anhy- 
dride. Cool and add 80 c.c. 1 : 1 hydrochloric acid. Boil five 
minutes. Cool again and add 50 c.c. of water. Mix in some 
paper pulp and filter on an 11 cm. double ashlcss filter. Wash 
free from iron test with 1 : 10 hydrochloric acid. Then wash 
free from chloride test with distilled water. Ignite in a platinum 
crucible at the faintest red heat until white. Weigh and evap- 
orate with hydrofluoric acid and a few drops of sulphuric acid. 

144 



MOLYBDENUM IN Mo H)\VDER 


145 


Ignite again at lowest visible' redness. Calculate the le^ss of 
wenght as usual tei silicon. 

Molybdenum.— Fer.sf Method . — Fuse 0.500 gram of finely 
ground i)e)wder with twenty times its! weight e>f sodium car- 
bonate plus 2 grams of pe)tassuim nitrate. Heat cautiously 
until the fusie)n is five fre)m black partie^le's. Dissolve the melt 
in a platinum or porevlain elish (platinum preferreel) with water. 
Reme)ve the platinum crucible freim the elish and rinse it off 
carefully, alleivvang the washings to run on the filter thre)ugh 
which the water solution is to be peMireal. Mix the water seilii- 
tion of the' fusion with a little pajie'r pulp anel filte'i* it threiugh 
the filte'r afemsaid. Wash the' ivsielue' feirty time's with dilute' 
sodium eiarbemate' wate'r. The' ivsidue' em the lilte'r eaintains all 
of the iron anel e'eippe'r jire'se'iil m the' metal, a little platinum 
oxide fioni the crue-ible', and a little' meilybde'.num (se'e page^ 14(3). 

The' filtrate and washings are' transfe'iie'd U> an 800e;.c. be'ake'r. 
Two grams of tartaric aciel are' aelele'd. d'he^ seilution is acieiu- 
lated with sulphuric aciel in slight e'xe'e'ss. The acidulate'd 
solution is lu'atvel for twenty minute's te> e‘xpe'1 the major pe)rtion 
of the carbon dieixiele. It is then ceM>le'd; thre'e drops of phened- 
phthalein seilution are addeel. (Sev Plmsplmrus in Steel, p. 3 18.) 
A rather concentrate'el sedution e)f soehum hyelroxide is aeleled 
until one' elrop pre>eluce‘s a pink e'eileir. Ne'xt aeld 1 : 3 sulphuric 
acid until one dreip cau.se's the' .se>lutie)n te) be'e;e)me colorless. 
Dilute to 70(3 c.c. with wate'r. If the' atte'inpt be made to piv- 
e'ipitate medybde'iium in ten) .ie*iel a se>hitie)n,^by hydrogen sul- 
phide, the' foi'iiu'r is jiartlally re*due*e'el te> a blue' eixide and par- 
tially preM'ipitate'd as sulphieh'. Tei avedel this highly unde*sirable 
condition it is mere'ly nee*e's.sary to ke'cp the' seilution but very 
slightly acid until it is we'll saturateel with IDS. It then turns 
to a deep orange cedoivel Iluiel fre>m which the medybeienum is 
quickly pree:ipitate'el, by the' aelehtiem eif (3 eir 7 c.c. e>f 1 : 3 
sulphuVic aciel, as a breiwn sul[)hiele'. Pass the' gas for tliirty 
minute's longer. Adel paper pulp te) the' be'ake'r, mixing it wedl 
with the sulphide just before pas.sing the' gas for the half heiur 
as directeel. In this way the preMupitatiein is rapiel. The sul- 
phide can be filtered and wa.shed quickly. It is washeel with 
H 2 S water containing two dre)ps of 1 : 3 sulphuric acid per 
500 c.c. of wash water. Give the sulphide forty washings, per- 
mitting each washing to drain off thoroughly before the succeed- 
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ing one is applied. The sulphide is then roasted just below 
redness in a platinum or porcelain crucible. The contents of the 
crucible can be ignited without loss of molybdenum trioxide, 
but the crucible must » not be allowed to exceed the faintest 
visible redness. The Mo()3 usually burns to a brownish white 
residue, owing to traces of impurities. 

After weighing the oxide it is extracted with 1 : 1 ammonia 
(11.50 per cent) on the water bath until there remains but a 
small residue, consisting of traces of iron and some silica. This 
is mixed with a little paper pulp, filtered and washed thoroughly 
with dilute ammonia water.* It is ignited, weighed, and its 
weight is deducted from the first w^eight of the M0O3. The 
remainder is multiplied by GO. 66 (or fXlOO) and divided by 
the weight taken for analysis to obtain the per cent of molyb- 
d(‘num in the sampki. The filtrate and washings from the 
sulphide i)recipitation should always be tested by passing 112^ 
through it for an hour more to make sure that no further pre- 
cipitation of molybdenum sulphide will occur. If the directions 
as given are can^fully followed, no molybdenum will be found 
at this point. 

Second Method . — Completely soluble molybdenum can be 
examined for molybdenum as follows: Dissolve 0.400 gram of 
finely ground sample in 30 c.c. of 1.20 nitric acid. Cool and 
add 2 grams of tartaric acid. Then add an excess of ammonia. 
Drop in 1:3 sulphuric acid until the solution is just faintly 
acid. Dilute to*3(X) c.c.; precipitate with hydrogen sulphide; 
and finish for molybdenum as given in the first method. 

Iron. — The residue of iron, etc., remaining on the filter from 
the water solution of the sodium carbonate and niter fusion is 
dissolved off with a little hot 1 : 1 hydrochloric acid. The 
filter is washed free from iron test. This filtrate and washings 
are almost certain to contain some molybdenum. (The writer 
has found molybdenum with the iron, even after it has been 
fused a second time with sodium carbonate.) Add dilute ammonia 
to the solution a drop at a time until the iron hydroxide appears. 
Then add .sulphuric acid (1 : 3) until the iron precipitate just 
dissolves. Dilute to 300 c.c. with water. Pass H2S. The 

* If this filtrate and w.ashings are blue estimate the copper therein with 
KCN as in steels, page 206, calculate the copper found to CuO and deduct 
the result from the weight of the impure MO3. 
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small quantity of mclybdenum quickly separates. It is filtered 
out and waslu'd in the' same manner as th(‘ main sulphide' pre- 
cipitate. I^mt(' this sulphide' t.e) eexide, \ve*i^h it, e'\(iae*t it. with 
ammeinia in the same' way as the* mafti eixide'. l''ilte'r emt the 
insoluble mattc'r, and wash it. with ehlute' ammonia. I^^nite it, 
W'ci^h it, and deduct, the' we'i^ht. fiom the' first, wa'ight; e;alculate 
the remamde'r te> Mo, anel aeld it to the' prme'ipal part e)f the 
medybdenum found, 'hhe' lilt rate' anel w ashings freiin the small 
sul[)hiele pre‘cipit,at,e' e'eentam .all of the' iron which e-jin be* eie'te'r- 
mineel by e'vapeiration to a small volume' with a sli^j;ht e'xea'ss of 
pe)ta.ssium chlorate'; 1 or 2 ^;rams sheiuld sulhee'. d'he'ii aeld 
an e'xe'e'ss e)f 1 : d sulphurie’. .ae*id anel e'V.aporate* te) thie-k, white 
fume's e)f sul|)hurie‘, anhydriele'. Dilute' with wat.e‘r. Heelue’e with 
zinc re'duct.e)r (se'O paj.?e^ iKHi) and finish by titration wath per- 
inaiif^anate' solution. 

Tungsten, taeiporate' fhe' filtrate' and washings fre)ni the 
main sulphide' precipit.ate' eibtame'd by the' first me'theiel to me)i-it 
elryne'ss. Add 100 e* c. eif e-emc. nitrie* aetid. He'at with eaive^r 
on until all ae-tmn is e)ve‘r. He'inove' the' w'at.e'h glass freiin the 
cassereile^ anel e'va|)e)rate' again te) nieiist elryne'ss. Aelel water; 
hexit until all salt is m solution; fill.e*r e>ut the' inseiluble residue; 
waish it fre'C fremi sdts with 1 : 20 hyelreechloric aeael. d'his 
will take about, forty te) fifty w'ashings. lavapeirate the^ filtrate 
anel washings again to me)ist elryne'ss, anel aelel 100 c.c. of ce)nc. 
hydroe'hleiriei acid. Ih'at with the' e;e)ve'r on as be'fore, anel e'vap- 
orate a thirel time'. Add wate-r and 20 c.e*. of ^ne-honine se)lution; 
warm for a shoi’t time' te) pe'rmit any small pre'e'ipitate of tungsten 
to form and se'ttle'; waish it- with a mixture' e)f .^>0 v.v.. e)f IIUl, 
400 c.c. e)f w'ate'r, and 5 e* ec e)f e*ine'he)nine‘ steieik se)hitie)n, wdiich 
ceinsists e)f 2') grams e>f e'lnedieenine elissolve^el in 200 c.c. e)f 1 : 1 
IIUl. Adel this washe'el pape'r te) t.he* first eine' eibtaine'el afte'r 
evaporatiein e)f the' nitrie; sohitieui te) meeist elryne'ss, aeieling water; 
heating; anel filte'iing e)ut the' insoluble' re'sidiie anel wa.shing 
it fre*e e)f salts. Ignite the' twe) pape'rs; we-igh the ash so ob- 
taiiH'd a.'^ WO.j-fSiD-i. Finish as give'ii fe)r tungsten in steads from 
this t)e)int by evape)ration wdth a few elrejps ejf cone. H2SO4 and 
10 c.c. of HF, etc. 
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Sulphur by Evolution in a Stream of Hydrogen Saturated 
WITH HCI, Heating to about 900° C. 

Evolution 

For a description of this method, which is by far the most 
satisfactory for turifi^sten and molybdenum powders and for 
ferro-tunp:stcn and ferro-molybderuim, read pages 122-129. Use 
1 gram of the finely divided substances and proceed as directed. 
If there be any sulphates present they too will be decomposed 
by the reaction: 

NasSO I + 2HC1 + 8H = 2NaCl -f H2S + 4H2O. 

Gravimetric Method 

Fuse 2 grams of the powd(Ted substance with 20 grams oi 
sodium carbonate jind 4 grams of potassium nitrate in a platinum 
crucible. (Or fuse in an iron crucible with NaiCOs and Na202 
in the same manner as given on page 47 for ferro-titanium- 
alummum-silicon.) The sodium carbonate and niter fluxes 
are ground thoroughly together in an agate mortar. Heat 
until the melt in the platinum crucible is a clear yellow, free 
of dark specks. This reciuires but a few minutes. Dissolve 
the melt in water; transfer it to a casserole. Make just acid 
with 1 : 1 HNO3; then add a few c.c. in excess and warm a 
while to coagulate the M0O3 that separates; filter it out; wash 
it fifty times with dilute (1 : 10) nitric acid. (If the bulk of the 
molybdic acid is i^ot removed by filtration, some of it will be 
found with barium sulphate at the end of the analysis, causing 
high results. In any case it is safer to fuse the final barium 
sulphate with Na2C03; dissolve the fusion in water; make it 
slightly acid with HCI; warm; and pass H28 until saturated. 
If any sulphide forms it should be filtered out; and finished 
for molybdic oxide in the usual way; deduct its weight from the 
weight of the barium sulphate found.) 

After the main molybdic acid has been filtered out and 
washed, as descudbed at the start, the filtrate and washings from 
it are evaporated low, and concentrated HCI is added cautiously 
a little at a time; heat with each addition of the acid to permit 
the effervescence to occur in installments; when no further 
reaction occurs, add 50 c.c. excess of the cone. HCI and evap- 
orate to dryness on a graphite bath or hot plate. Add 40 c.c. of 
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1 : 1 hydrochloric acid. Heat with the cover on for a half hour. 
Add water and heat again. Filter and wash with I : 20 hydro- 
chloric acid, forty times. Heat the filtrate to boiling, and pre- 
cipitate with barium chloride solution, adding th(‘ latter in e.xcess, 
about 50 c.c. of the saturatcal solution. Li't the test stand 
overnight; filter out th(‘ barium sulphate; wash it with water 
containing a drop or two of H(4 to 500 c.c;. a}K)ut twenty times; 
and then free of chlorine test wit.h water only. Ignite the 
washed barium sulphate m a platinum crmable until it is white. 
Moisten it with a drop or t.wo of 1 : 3 sulphuric, acid and ignite 
it again and weigh. Multiply the wa'ight so obtainc'd by the 
factor .1373X100 and divide; by the weight taken. This final 
result will be the per (‘(‘iit sulphur. 

Manganese.-- Ihoceed as in stca^ls or ferro-vanadiuni, dis- 
solving the pow’dcM* in 1.20 nitrii; acid. 

Copper. — Nitric acid .solutions of molybdcumm are precipitati'd 
but slightly, even after one hour’s standing, by potassium fi'rri- 
cyanide. This reagent affords a rapid means of d(‘t(‘rmining 
.the amount of copper that may b(‘ prescait in tin; molybdenum. 
Dissolve 1 gram of .sample in 30 (‘.c. 1.20 nitric acid. Add 
aimnonia until the iron hydroxide forms. Thcai add sulphuric 
acid (1 : 3) a few drops at a time until tJie hydrate of iron is 
just dissolved; then add 10 c.c. exce.ss of th(‘ acid, as copper 
fcrricyanide precii)itat(;8 better if there is some; free acid. Now 
precipiOite the copper with 20 c.c. of the same potassium f(‘rri- 
cyanidc solution used to S(‘parat(‘ c.opper iit ferro-vanadium. 
If the copper in solution is likely to exceed 10 mgs., then add 
an additional 2 c.c. of the f(;rricyanide solution for (;v(‘ry milli- 
gram of copfHcr in exce.ss of 10 mgs. Finish as given in the 
author’s method for copper m steel. The analysis of ferro- 
molybdenum is similar to that of the powders. 
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Part II 

THE ANALYSIS OF FERRO-MOLYBDENUM 

Dissolvk 0.4 and 0.5 gram for a chtM^k in 50 r,.r. of 1.20 nitric 
acid to a (^loar solution. Dilute to 200 c.c.; add a consider- 
able excess of ammonia and preci})itate th(^ iron. Kilter it out; 
wash it with ammonia. Redi.ssolvc this iron in 50 c.c. of 1:1 
HCl; reprecipitate the iron again, washing as before with dilute 
ammonia wash. The iron hydroxide is dried; ignited at a low 
heat; and weighed asFe^Oa+some MoO.i and a little Si02. The 
residue in the crucible is dissolved in HCl; the silica is filtenal 
out; washed; weighed and deducted from the total weight of the 
oxides of iron, etc. Th(^ filtratii from the silica is made nearly 
neutral and the molybdenum therein is precipitated with IRS 
in hot solution; filtered out; washed with IRS water; ignited 
at a very low red lieat; weighed and dediuded from th(‘ iron 
oxide, etc., giving a remainder consisting of Ke203 plus any 
phosi)horic acad Vhat may have been carried out with the iron 
oxide. This fihosphoric acid can be found by evaiiorating the 
filtrate from the above molybdenum sulphide to low volume; 
convert to nitrates and finish the jdiosphorus as in steels. 
The phosphorus so found is calculated to IROs and deducted 
from the wcaght of the P2O5 plus Fe203, heaving a remainder that 
can be calculated to metallic iron. This phosphorus is not nec- 
essarily the total phosphorus. The latter can be determined on a 
separate portion as described under Phasphorus in Molybdenum 
Powder. 

The main portion of the molybdenum is contained in the two 
sets of filtrates and washings from the precipitation and the 
reprecipitation of the iron by ammonia as given above. These 
filtrates and washings are combined; made slightly acid with 
HCl and the Mo is separated with H2S; washed; ignited and 
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weip;hocl as M0O3 plus any littlo silica pres(Mit whicli is reinov(Ml 
by dissolving the MoO,} in cone, ammonia and warming untd 
only a small floating n'sidue rcMiiains whi{^h is filtered out; 
washed with ammonia water; ignited; VcMghed; and deducted 
from the first w(‘ight of the mam MoOj. The remainder' plus 
the M0O3 found with th(' iron, as already described, constitutes 
the total Mo() 3 whicli is calculat(‘d to Mo by th(‘ fai^tor O.bbbO. 

Silicon.— This element (^an lx* determiiuxl on the same por- 
tion as is used for the molybdimum if th(‘ nitrii; acid solution 
is tak(m to dryness on tla^ grajihite bath. Do not ignib* the 
dish over a bare flame, as in tungsten, as tlu'n' is dang(‘r of loss 
of th(‘ Mo by volatilization. I)issolv(‘ th(‘ dry r(‘sidu(‘ in 50 c.c. 
or more, if iHH'essary, of <!on<‘. IK'l; dilutiy filf(‘r; wash with 
dilute IK'l; wash until th(‘ r(‘sidu(‘ on tin* filt(‘r no longiT gives 
a t(‘st for iron; evaporate fh(^ filtrate^ and washings again to 
dryiK'ss; dis.solve; filter; wash as Ixdony combine th(‘ two 
filters from th(‘ first and .s(‘(;()nd (‘vaporal ions; ignite fh(‘ same 
at a very low rv l lu'at and wc'igh as SiOj plus a littli' Mo()3. 
For clo.se work this silii^a should lx‘ fusixl with bm times its 
wi'ight of sodium carbonate; th(‘ fusion di.ssolvcxl in IK'l and 
evaporated twice to dryness as Ix^fori^ finally W(‘ighing as pure 
silica. 

Fe-fMo.“ The filtrate from the s(‘cond evafioration to 
dryn(‘ss in the prc'siaici* of th(‘ main iron an<l Mo (;an be com- 
bined with th<‘ filtrat(‘ and washings from the (waporation of 
the acidiilabxl sixlium caibonat(‘ fusion of th(‘ impur(‘ silica, ddie 
combinixl liltr:ites contain the total iron and Mo and (‘an be 
analyz('d for th(‘se (‘h'lnents as alr(‘ady given undi‘r Ib^ro- 
Molybdeniun. 

Th(‘ carbon, mangaiuse, tungsbai, and sulphur are deter- 
mined as given for Molybd(*num Powders. 

RESULTS OBTAINED ON A HIOII (URBON TYPE 
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Carbon 

3 ()(i 

Silicon 

0 86 

Mangane.se 

0 13 

Iron 

23 26 

Phosphorus 

0 033 

Molybdenum 

71 30 
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The Analysis of Ferro-^molybdenum-tungsten 

Tungsten, Phosphoi'ds, and Silicon. — Dissolve 1 gin., ftnd 

grams for a (jhcck, in 50 c.c. of 1.20 nitric acid in a No. 5 
porcelain dish; evaporate dry but do not ignite with a bare 
flame. Redissolve witli 100 c.c. of cone. H(d; evaporate dry; 
dissolve in 50 c.c. of cone. H(d and evaporate to 20 c.c.; add 
25 c.c. of water; heat twenty minutes; filter; wash with 1 : 40 
Hdl; evaporate the filtrate and washings to 10 c.c.; add 25 c.c. 
of water; heat and filtiu’ out any small residue of tungstic acid 
that may have separated out after this second evaporation. 
The filtrate and washings from this last evaporation are then 
converted to nitrates and finished as described on pages 
4 DIG. 

Tlie residues on the filters from the above first and second 
evaporations to dryness contain all of the tungsten, silicon, and 
a little of the molybdenum. These papers are ignited at a low 
red heat until the c<irbon is gone; add 10 grams of anhydrous 
sodium carbonat(‘ to the ash and fuse to a clear liquid that no 
longer giv(\s off any bubbles of CO^. Dissolve out this fusion; 
acidulate it with IlCl and evaporate to dryness, after all effer- 
vescence and spraying are over, in the covered casserole. If the 
fusion is dissolved out in porcelain, the solution must be made 
acid with H(4 as the dissolving of carbonate fusions with water 
alone in pori^-elaiif' dishes causes the latter to be attacked and 
silicon results to be too high, especially if heat is applied to hasten 
matters. 

After the evaporation to dryness the residue is rcdissolved 
in HCl; add water; filter out the tungsten; wash it as before; 
evaporate the filtrate and washings again to dryness; dissolve; 
filter; and wash. This second filtrate and washings will con- 
tain some tungsten which must be removed by cinchonine; heat 
the filtrate before adding the cinchonine; filter out the tungsten 
so precipitated; wash it with cinchonine water; combine this 
filter with the two residues obtained from the evaporation of the 
above fusion twice to dryness and burn all in a platinum crucible 
to a yellow residue free from the carbon of the filters; weigh 
it as W03+Si02. Remove the silicon by the usual evaporation 
with HF and H2SO4, calculating the loss of weight as the silicon 
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of the alloy. The residue in the enieible is (^alcMiIated to tungsten 
by the factor 0.7931. 

Molybdenum. — Fuse 0.5 gram of the finely ground alloy in a 
platinum crucible with an mtimale fuixtun' of 10 grams of 
sodium carbonate and 0.5 gram of nitcM* unlil a (juiet fusion is 
obtained and then continue to maintain the fusing tnmpcu-ature 
for ten minutes more. Dissolve the fusion out in water; filter 
out the insoluble residue of iron and mangaiu'se; wash it with 
sodium carbonate waMs*; ignite it; grind it in ;i small agate 
mortar; return the fin(‘ powdea* again to th(‘ crucibles; ch'an the 
mortar by grinding it out with a htth^ sodium carbonat(‘; return 
this carbonate to the (*rucibl(‘; again grind some fri'sh carbonate 
in the mortar, a-nd so on, until th(‘ carbonate no loiigi'r shows a 
change of color when ground in lh(‘ mortar (Innd 10 grams of 
carbonate w'ith 0.200 gram of nitia* for this siatond fusion wliK’h 
is made and dissolved out as in th(' first fusion. The filtrates 
and w’ashings from insoluble residues obt aim'd after (‘ach fusion 
contain all of the molybdi'imm and tungsti'n from the alloy. 
The first filtrate and w^ashings contain practically all of these 
elements. Add to it 2 grams of tartarii; acid and tw'O drops of 
methyl orange solution (1 gnim of the nu'thyl orange dissolved 
in a liter of w’aU'r). Now' add 11(3 until oni' drop just turns the 
solution pink. Pass IbjS through th(‘ .solution w'hen it will turn 
a deep red due to the combination w’ith th(' II2S; the addition 
of a few^ drops of H(3 will cause tlu* molybdenum sulphide to 
then precipitate out iironpitly and pi'rh'cti^ afti'r a thorough 
saturation with H2S. The directions must bi^ can'fully followed 
for if the attempt is made to precipitate molybdenum from a 
solution containing much free acid, a blue filtrate is obtained 
which contains much of the molybdimum in a reduced form 
that is very unsatisfactory to handle, as explained on page 15(i. 
Wash the molybdenum sulphide, so obtained from both srds of 
filtrates and washings, thoroughly with H28 water; ignite it at a 
low red heat and weigh; dis.solve this M0O3 in ammonia; filter 
the solution; wash the filter thoroughly with ammonia; ignite 
it; weigh it; deduct this weight from the first weight of the 
M0O3 and calculate the difference in weight to molybdenum by 
the use of the factor 0.6666. 

Iron. — The insoluble residue obtained from the second fusion 
with sodium carbonate and niter contains all of the iron free 
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from tiingBten and Mo and is especially convenient for the iron 
determination as the two latter eleirumts must he separated 
before the iron can he determined. Dissolve this residue, after 
burning off the paper iy the crucibles in which the fusion was 
made, in cone. IICl; clean the iron stains from th(‘ crucible 
with this acid; precipitate the solution of the n'sidiu^ and the 
cleanings of the crucible with ammonia; redissolve; reprccip- 
itate, and rcdissolve it again to remove any platinum; then 
reduce the solution with stannous chloride and finish for iron 
as in iron ore by titration of the reduced iron with potassium 
dichromate. (See page 442.) Or convert to sulphate by taking 
to fumes with n2S04. Rcdissolve; dilute; pass through reductor 
and finish as given on page 443. 

Sulphur. — The best and easiest way to got the sulphur is to 
evolve it from a hot tube by the method given on page 122. 
Or the sulphur can be determined by any of the methods given 
on pages 148 for molybdenum powders. 

Gravimp:tric Sulphur in Fehro-molybdenum by direct 
Solution in Ai ids 

Heat 5 grams of the powdered .sample in 250 c.o. cone. HNO3. 
When action is over and red fumes are all gone, dilute with 200 c.c. 
of water; filter off the molybdic aind that separates at this stage 
and wash it fifty times with dilute HNO3. If the bulk of the 
M0O3 is not filter?*d out h(u-e, some of it will be found with the 
barium sulphate at the end of the analysis, causing high results. 
Transfer the filtrate to a No. 7 di.sh; add 2 grams of Na2C03 
and evaporate to dryne.ss. Rcdissolve in 75 c.c. of cone. HCl, 
and evaporate to dryness again. Rcdissolve in 20 c.c. of cone. 
HCl, and when all the iron is in solution add 100 c.c. of water, 
stir it well, heat it for a while, filter it and wash it with dilute 
HCl. Add to the filtrate and washings 20 c.c. of cone.. HCl; 
dilute with water to 400 c.c. volume; heat to boiling and add 25 c.c. 
of a saturated solution of BaCD; let stand twelve hours. Filter 
off the barium sulphate; wash it free of iron with water con- 
taining a few drops of 1 : 1 HCl, and then free of chloride 
with water only. 

Ignite it in a weighed platinum crucible; moisten it with two 
drops of sulphuric acid to convert any barium sulphite, formec 
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by the reduciiif^ action of the burning filter pnper, to baiiuin 
sulphate; when tlie fumes of sulpliuric acid are p)iu\ heat the 
crucible to redness. Cool it; and weiph it; calculate the per cent 
of suliihur by multiplying the w(M^ht of tke barium sulphate found 
by 15.73 and dividing by th(‘ weifijht taken for analysi.s. Blanks 
should be run coveiing idl opiu'ations and any sulphur s© found, 
deducted. 
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Part III 

MOLYBDENUM IN HIGH-SPEED STEELS AND ORES 

[Presence of Much Tungsten) 

Weigh 2 and 3 gram samples into No. 5 porcelain dishes; 
dissolve in a mixture of 30 c.c. HCl (1 : 20) and 30 c.c. HNO^ 
(1 : 42); heat moderately until residue is yellow; rinse covers 
with water; add 100 c.c. IlNOa (1.42). Take to dryness on 
graphite bath over low flame; bake at 5(X)° to 550° C. for ten 
minutes. Let cool, add 40 c.c. cone. HCl and heat until all is 
in solution except yellow residue. Add 50 c.c. distilled water; 
stir in paper pulp; filter through double 11 cm. papers into 
600 c.c. beakers and wash forty times with 1 : 10 HCl, getting 
filtrate (A). 

The principal part of the molybdenum, i.e., in (A), is sepa- 
rated as follows: Add ammonia to it until a precipitate forms 
that no longer dissolves on stirring. Add 1 : 3 acid until this 
precipitate just *(liss(>lves. Then saturate the nearly neutral 
solution with hydrogen .sulphide, and obtain the molybdenum 
sulphide. If the .solution containing the molybdenum is too 
nearly neutral, H 2 S causes only a deep red coloration in it; if 
the solution is too acid, the passage of the hydrogen sulphide 
results in a partial precipitation of the molybdenum together 
with a blue coloration. From the red solution, the molybdenum 
is easily precipitated by a very slight addition of acid. Add the 
latter cautiously, a c.c. or two at a time, until the molybdenum 
begins to settle rapidly. Then pa.ss H 2 S a little while longer. 
If the H 2 S has been passed through too acid a solution of molyb- 
denum, with the re.sulting partial precipitation giving a blue 
filtrate, the best thing to do is to begin over again, giving the 
proper attention to these details. The molybdenum can be 
completely precipitated in a half hour’s time if the conditions 
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as here given are observoii: using a rapid stream of H2S. Filter 
and wash this sulphide in the same manner lus given for the 
molybdenum sulphide gotten from filtrate (B), i.o., using a wash 
consisting of 500 c.c. of water acidiilafed with a few drops of 
1 : 1 HCl and saturated with H2S. (live the filter sixty washings. 

Tungnten Residue {on Filter from (d)). -Burn off in platinum 
at a low temperature; then fuse with 10 grams Na^CXla. (^ool; 
place in No. 5 i)orcelain dishes; add 150 c.c. water and heat to 
dissolve the melt. Rinse crucibles and covem with water; 
add a little pulp; filter through double 0 cm. pajiers, catching 
filtrates in clean 400 c.c. beakers. Wash thirty times with 
water, getting filtrate (B). 

Filtrate (/i). — Add 2 grams tartaric acid crystals to filtrate 
(B) and three drops of methyl orange solution; whil(‘ stirring, 
add 1 : 1 fICl carefully until solution just turns (Lerry red. 
Pass a brisk .stream of Il-iS through filtrat(‘s (A) and (B) until 
precipitates settle out well - usually ixapiires at least thirty 
minutes. Add a litth* pap(*r pulp to each, them proceed to filter 
(B) through a double 11 cm. filt(‘r, cat(4iiiig filtrate in a 1000 c.c. 
beaker. The filtrate (A) which has already been saturated with 
II2S in nearly neutral condition, as d(‘S(!rib(‘d in the first part of 
the scheme, is pour(‘(l tlirough the same filter, thus combining 
the main molybd(‘num sulphide in (A) with the small amount 
of the sulphide ol)tain(‘d from (B). The sulphidi^ on the sides 
of the beakers is removed with a nibber-tipp^Ml gla.ss hkI. The 
precipitate is washed with wat(‘r acidulated with a few drops 
of HC4 to 500 c.c. The water is saturated with HjH and used 
cold. Wash the sulphide fifty or sixty times. Ferricyanide of 
potassium may be u.sed to show freedom from iron. Dry the 
papers containing the residue at 105° C. for thirty minutes; 
then roast in porcelain crucible of 40 c.c. capacity at 500° to 
550° (^. until papers are completely consumed and residues are 
oxidized to M0O3. Place in desiccator; let cool about fifteen 
minutes; then weigh. 

Transfer contents of porcelain crucible to clean 150 c.c. 
beakers, using a cameFs-hair brush to remove adhering particles. 
To each beaker add 40 c.c. filtered ammonia (1 : 1). Heat 
moderately until white particles are in solution (do not boil too 
long, becau.se of danger of expelling NH3, thereby causing deposi- 
tion of M0O3). 
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Filter through double 7 cm. paper, using a small amount of 
paper pulp in apex of filter. Wash forty times with ammonia 
water (15 c.c. ammonia 0.00 sp. gr. to 500 c.c. water). Place 
paper in the same porcVlain crucible; burn off as before; cool 
and weigh. Loss in weight = Mo() 3 , which contains 66.60 per 
cent Mo= 3 . 


MoOaX 100X2 
3 X weight taken for analysis 


= per cent AIo in sample. 


The Determination of Tungsten in the Presence of Much 
Molyrdenum 

Proceed as for molybdenum in high-speed steel as given on 
page; 156, getting filtrate (A). Add 30 (!.c. of cinchonine solution 
(see page 131) to (A), l^et stand one hour. If any jirecipitate 
forms filter it off at once, washing it with cinchonine waiter. 
If (A) is allowed to stand any great length of time some of the 
molybdenum may separate out with the small amount of tungsten 
that may be thrown down in (A) by the cinchonine. The small 
precipitate of t.ungsten cinchonate that may be gotten from (A) 
is burned off with the main tungsten residue that remained behind 
wIkmi filtrate (A) was first obtained. 

This platinum crucibk; will now contain the total tungsten 
contaminated with a little molybdenum. The residue in the 
platinum crucible is weighed; evaporated with 5 drops of 1:3 
sulphuric acid and 15 c.c. of IIF to dryne.ss. Ignited at the 
lowest red heat; weighed again. Th(‘ hxss of weight is the silica, 
which is calculated to sili(;on by the factor 0.4693. 

The silica-free wxught eijuals the main WO 3 plus a little 
M 0 O 3 and Fe 203 . The silica-free residue is fused with 20 grams 
of sodium carbonate at a bright red until the fusion is clear and 
there are no more bubbles arising in the; melt. This melt is 
di.ssolved out in platinum and any iron oxide is filtered out; 
washed free of sodium salts; ignited in the same crucible in which 
the fusion was made and wiaghed again. This residue should 
not melt down, but remain as small brown flake. The weight 
is deducted from the silica-free weight last obtained. This 
leaves the weight of the WO3 plus M 0 O 3 . This small amount 
of M 0 O 3 is corrected for sus, follows: The filtrate from the iron 
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oxide is tioatcd with 4 pcrams of tartaric acid to liold hack the 
tungsten; then made just pink with H(4, using methyl orange as 
an indicator, llu' small amount of MoO.j jii’esiMit is th(Mi 
precipitated out with adding i\ f^w c.c. more of 11(1 if 

necc^.^sarv to hri'ak up the r('d solution of molyhchaium 
sulphide. Tlu‘ molybdenum sulphide is fiUered out ; washiHl 
thoroughly with H-jS water; ignited at a lowest red heat.; 
vveigho^l and deducted from the weight of WoO.^ plus a little 
IMoO.j. The remainder is the pure' WoO^, \shi(‘h is mult.iph(‘d 
by the factor 79.1 1 and dividi'd by tlu' weight of sample taken 
to get the percent:ige of W in the sample. 


Rapid Method for Sikei^.s Nor ('onimnin'o II^ncjsten. 

(Jranitictnc hy Wciyhnuj (is MoO.j 

Weigh three grams into a, 250 c.c. dish, dissolve* in 50 c.c. 
n 2 S ()4 (1 : 3) on stove', aeld I5e*.e*. HN(){ f 1.20sp. gr.) e'autieiuslv. 
Remove anel rinse' eiff the' hel. lOvapeirate tei fume's. (\)ver, 
adel 15 c.c. HCl (1:1) anel 1(K) e*.e'. elislille'el wate'r. Ih'at until 
all sulphate is disseilveel. 

Transfer tlu' e'eiute'iit.s eif dish to ()(K) e'.e*. be'aker. If cem- 
siele'rable silica is s(‘e*n (leiating arenuiel in t('st, tilte'r it. eiut. anel 
wash it fifte'e'ii times with ehlute 11(1. Aeld ammeuiia (I : 3) 
until faint e'leiuel e)f preicijiitate eif irein hyelreAiele* pe'r^ists; the*n 
clear with a few elreips II(1; then aeld an e'Xe'e'ss <>f 5 e;.c. 1 : 1 
HCl. Veilume 3(K) c.c. at this stage*. 

Pass a rapid stream eif H 2 S threaigh seilutiem until precipitate 
settles out well in bottom eif U'ake'r. Filter on ele)uble 11 cm. 
papers and wash fifty time's wath H 2 S wash eaintaimng a few 
drops of HCl. Burn off in a 40 c.c. jKma'laiii crucible at 500° 
to 550° C. (Ax)l; weigh. 

Extract in usual manner with filtered ammonia (1 : 1); filter 
through 11 cm. paper (using jiulp); anel wash fifteen times with 
ammonia wash (50 c.c. ammonia (1:1) eliluted to 300 c.c. with 
water). Burn off in original crucible; cool; weigh. 

Loss in wt. X2X 100 ^ at • 

3 sample. 
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Time required to complete determination, one hour forty- 
five minutes to two hours. 

3 grams 

23.6290 

23.5910 


.0380 


038X 2X100 

3X3 


= .844 per cent Mo. 


Weigh 500 mg. into a No. 5 porcelain dish. Dissolve in 50 
c.c. HCl (1 : 1); add small additions of KCdO.i crystals until 
solution and residue, if any, are fully oxidized. The solution 
should become very much darker in color and the tungsten 
residue in high-speed steel should now be canary yellow. 

Boil until the solution smells no longer of chlorine fumes; 
filter off and discard any residue present. With the solution 
in the original dish, add KOH solution, while stirring until blue 
to litmus, then a few c.c. in excess. Bring to a boil; filter 
through double 12.5 cm. papers into a clean lOXl inch test 
tube. Discard the precipitate. (KOH —> solution in water, one 
part KOH to one part water.) 

Using a similar test tul)e, divide this filtrate into two equal 
portions, so as to have a duplicate handy in case of mishap later. 
To the solution in one of the tubes, add cone. HCl, in small 
quantities, shaking to mix after each addition until the test 
is distinctly acid. If salts deposit in bottom of tube, add a 
few c.c. of water and shake to redissolve. Add a few particles 
of c.p. granulated tin, place over a flame and bring just to a 
boil. Do not continue to boil, as by so doing the delicacy of the 
test is greatly impaired and at times destroyed entirely. Cool 
to room temperature; then add 5 c.c. KCNS solution (5 grams 
KCNS dissolved in 120 c.c. water). 


Water-white solution 
Yellowish tinge . ... 
Slight to good orange 
Deep orange to red 
Very dark red 


no trace of molybdenum 
0 1 per cent or less 
up to 0 5 per cent 
0 5 per cent to 1 per cent 
over 1 per cent . 
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Volumetric Determination of Molybdenum in Steel 

After weighing the niolybdenuin as oxide, the results so 
obtained can be checked as follows: Fuscithe oxide with 5 grams 
of carbonate of soda. Dissolve the melt in about 50 c.c. of 
water in' a dish. Filter the soluthin on a 7 cm. filter. Wash 
the latter thoroughly with sodium carbonate water. ICvaporate 
the filtrate and washings to 50 c.c. Acidulate with I : 3 sul- 
pluiric acid, adding an exce.ss of 100 c.c. Next add 1 c.c. of 
1 : 1 hydrochloric acid after acidulalion with sulphuric acid. 

Place in the beaker a square in(‘h of 1.7 mm. ( inch thick) 
aluminum foil with its (‘orners Ixait at right angles. Heat the 
solution so as to maintain rapid action b(‘tw('en the foil and the 
acid. In a half hour the reduction is usually complete. 

Titrate with potassium ])ermanganat(‘ standard until three 
drops of the latter render th(‘ solution a distinct pink, in the cold, 
for one minute. Remove the foil Ixdore beginning the titration, 
rinsing it with cold water. Heat a similar piece of foil for a 
half hour in a solution containing 5 grams of sodium carbonate 
acidulated with 120 c.c. 1 : 3 sulphuric acid. Add also 1 c.c. 
of 1 : 1 hydrochloric acid after acidulating with sulphuric acid. 
Titrate the blank exactly as given for the ti^st. Deduct the 
c.c. of permanganate used by the blank from the amount re- 
quired to oxidize the test, and multiply the remainder by 
0.001925 to obtain the weight of molybdenum pr(‘S(*nt in the 
sample. The pennanganate standard is pref)ai’ed by dissolving 
1.86 grams of the salt in water and diluting the solution to 1 liter. 
Its value in metallic iron multipluHl by 0.88163 equals its value 
in M0O3. This method pos.s(*sses no advantage over the ignition 
of the sulphide to oxide and weighing lus such. 

Weighing of the Molybdenum as Lead Molybdate 

After weighing as oxide, fuse the latter with 5 grams of sodium 
carbonate. Dissolve the melt in water. Filter it, washing 
thoroughly with sodium carbonate water. To the filtrate and 
washings add two or three drops of methyl orange. Now titrate 
the .solution until it turns pink with 1 : 1 HCl. Add I c.c. in 
excess. Heat the solution to almo.st boiling. Add 30 c.c. of a 
filtered saturated solution of lead acetate in this manner: First 
add 20 c.c. and permit the precipitate to settle somewhat; then 
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pour in the remaininfs^ 10 c.c., noting if there seems to be a further 
formation of the white precipitate. If more forms, add an addi- 
tional 10 C.C., or 40 e.e. in all. Now add 50 e.e. of a solution 
of ammonium a(“(‘tate. Stir (he mixture thoroughly and allow 
the lead molybdate' to settle' for two hours. It is filtered, washed 
with hot water, and igmte'd at a low red heat until white. It is 
we'igheui and the weight multiplie'd by 0.2()14 to re'due'C the 
weight to metidlie molybek'num. Test the filtrate and washings 
with 10 e.e. of the lead acetate solution, and note if a further 
precipitation occurs in the course of an hour or two. This is a 
sjitlsfactory method, as a check. The ammonium acetate 
solution is prc'pared by dissolving 500 grams of the crystals in 
1000 c.c. of wat('r. 

DkTKUM (NATION OF MoLYBDKNUM IN MOLYBDENITE OrES 
Ihj Direct Solution in Acids 

Weigh 0.2 or 0.3 gram finely ground sample (200 mesh) that 
has been dried for one hour at 105° C. into 250 c.c. beakers. 
Add 10 c.(!. IlNOii cone, plus 10 c.c. H2SO4 cone, and heat on 
stove until heavy fumes of sulphuric acid arc given off. Cool; 
add 150 c.c. water; heat to get all the residue in solution as far 
as possible; make just ammoniacal and then add 10 c.c. excess. 
Filter; wash with 1 : 20 ammonia; wash forty times and burn 
off at lowest rechilieat so as not to volatilize any molybdic acid. 

Filtrate and washings from this first silicious and ferric 
hydroxide precipitate an' made slightly acid with H2SO4 (1 : 3), and 
then slightly ammoniacal, using methyl orange as an indicator. 
Pass IFjS through the solution for one-half hour on graphite bath 
at low heat; this gives a red solution of molybdenum sulphide; 
then ndd 15 c.c. n2S()4 (I : 3) slowly so as not to cause contents 
of beaker to effervi'sce over the top and continue to pass gas for 
one-half hour more. This will compleU'ly precipitate all molyb- 
denum sulphide; and the supernatant liquid, after precipitate 
has settled, should be (colorless. 

The Separation of Hisniuth.— 'Vho making of the ammonia 
precipitation given in the first paragraph is very important as 

Brearley and Ibbotson suggested the use of ammonium acetate at this 
stage. 
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it prevents the interference of bismuth which is sometimes 
present to the extent of several per cent. If it, is not removed 
at this stage it will be pinaapitated with the molybdenum and 
counted as suc.h at the vud of the afialysis. This ammonia 
precipitate will contain all of tin' sdica. bismuth, iron, zinc, 
alumina, and also all of the arstanc, if tluai' b(‘ enough iron present 
to carry out the arsenic. Also all of tlu' phosphorus. 

This bismuth, iron, silic.a, etc., pre(apitat(^ is burned off at 
the lowest possible red heat in a i)latinum crucible and then 
fused with 10 grams of sodium carbonate at a bright nal heat 
until the fusion is (jukT. dlu^ nadt is dissolvi'd out in water 
and filteied,’ the watca’-insolubh^ is waslaal thoroughly with watta* 
containing 5 grams of soda ash to 5(M) c.c. of watc'r, giving it 
sixty washings. 1 he r(\sidu(‘ on th(‘ tiltia* will contjiin all of tlu' 
bismuth, zinc, et(^., and the liltrati^ and washings will (Hintaiii 
the small portion of the Mo that may havi' b(M*n contaiiual in 
the ammonia precipitate of lb, etc. Aoidulati' this filtrate with 
an excess of sulphuric acid, or about 10 c.c. of 1 : 1 of th(‘ acid. 
Heat to boil off the Cih. Mak(‘ slightly ammoniacal. Add 5 (t.c. 
excess ammonia; filter; wash with ammonia wash thirty times 
and saturate with ILjS as before in a slightly ammoniactal solution 
for one-half hour long(‘r with H^S, giving a red coloration, ddien 
add 15 c.c. H 2 S ()4 (1 : 3) and continue to saturate for one-half 
hour longer with IIjS when Mo will preidpitate. 

Filter this last precipitate through a 15 cm. filter paper, 
using no pulp, and wash forty tim(‘s with lli#^ wash containing 
three drops HCl. Then filtiT the main jin'ciiiitate of molyl)- 
denum sulphide through the same pap(‘r and wash sixty times 
with H 2 S wash. The filtering of the .small molybdenum pre- 
cipitate first, washing the filter thoroughly, and tlnm following 
up with main molybdenum sulphidi*, (‘liminates the chance of 
error due to any sodium salts being retained in the paper or 
precipitate. 

Burn off combined .sulphides in platinum crucible at the 
lowest red heat and weigh. Fxtrai^t with ammonia (20 c.c. 

1 : 1) at low heat on graphite bath for one hour. Filter; wash 
sixty times with NH4OH wash (1 : 1); burn off and weigh. 
The difference in first and second weights being the molybdic 
acid content plus any copper present. 

The presence of copper will be indicated by a blue color in 
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the ammonia filtrate. Any copper thus noted will be titrated 
with KCN solution, calculated to oxide, and deducted from the 
molybdic acid content. The remainder should be the weight 
of the pure molybdic acid content of the ore and can be cal- 
culated to M 0 S 2 by dividing by 0.9. 

The Determination of Molybdenum in Molybdenite Ore 
AND Molybdenum Oxide by Fusion 

Fuse 0.500 gram of the finely ground ore in a mixture of 
10 grams of sodium carbonate and 0.100 gram of potassium 
nitrate in a platinum crucible. Dissolve the fusion in distilled 
water. Filter out any insoluble matter; wash the water-insoluble 
substance with sodium carbonate water (5 grams dissolved in 
500 c.c. of water) about thirty times. 

Burn off the insoluble in the platinum crucible at the lowest 
red heat and fuse it again as before, using one-half as much of 
the fusion mixture. Dissolve out the fusion; filter; wash as 
before; combine the two filtrates and washings, or if the volumes 
of the latter are large treat them as follows, separately: Add 
2 grams of tartaric acid to the filtrates and washings and stir 
until the crystals are dissolved. Then make slightly acid with 
dilute H2SO4; and heat for one-half hour to drive off most of 
the CO2. Make slightly ammoniacal and add a few drops of 
methyl orange; add dilute sulphuric acid, a few drops at a time, 
until a pink colof’ appears. Now pass H 2 S through the faintly 
acid solution for a half hour. The solution will now be a deep 
blood red and not much molybdenum sulphide will be pre- 
cipitated. To precipitate the molybdenum now add 5 c.c. of 
1 : 3 H2SO4 and pass H2S for another half hour. This should 
completely precipitate the molybdenum as sulphide, unless the 
supernatant is still red, in that case add 1 or 2 c.c. more acid 
and again pass H2S. 

Filter off the molybdenum sulphide and wash it fifty times 
with H 2 S water. Ignite it at the lowest red heat after first 
smoking off the more volatile part of the filter paper. Continue 
the heating until the residue is white. Weigh it, and extract 
it with 1 : 1 ammonia until all but some flocculent matter is 
dissolved. Filter out the insoluble matter; wash it with ammonia 
wash; burn it off in the same porcelain crucible in the same way 
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as the main molybdenum; weigh it; and deduct its weight from 
the first weight of the molyixienum trioxide. (\'il(‘ulate the loss 
of weight to M 0 S 2 by the fmdor 1.1111 or to metal by use of 
the factor 0.6666. If the residue insoluble in ammonia is more 
than a milligram or two, transfer it to a platinum (aaicible and 
fuse it with twimty timi's its weight, of sodium carbonate and 
put it through all of the foregoing met hod t.o ivcover any molyb- 
denum that may still be ret aim'd in this residue. That is, filter 
aut the water-insoluble from this fusion; wash it with sodium 
[carbonate wash; add a gram of citric acid to hold back the 
tungsten if any be present; make l,he filtrate and washings just 
pink with acid, using nu'thyl orange to give the jiink reaction; 
aass H 2 S to saturation; filter out any molybdenum sulphide; 
ivash it; ignite it; \v(‘igh it; extract it with ammonia to guard 
igainst bismuth; call the loss of w(Mght Mo().{ and add it to the 
T’st main loss of weight getting the total MoO;}. Correct this 
:.otal for CuO as already irn'iitioned in the method by direct solu- 
:ion in acids. (Sec page 161.) 

MANGANr^sr] BY Fusion in I'khho-molvhdkniim and 

AIoLYimnNT’M POWDKR 

In case the metal, ferro or ore docs not dissolve readily in 
he mixed acicls, 0.5 gram of the finidy powdi'O'd sampli^ is 
oxidized at a low h('at m a platinum (jrucibk' with continued 
itirring and thi'ii fused with 10 grams of sctdium (carbonate. 
Dissolve the melt in waU'r in a cassi'roh'; ri'inovi^ the crucible 
ind acidulate the leached fusion with 50 ca ',. of 1 : I IK’l; clean 
Te crucible with soim^ of th(‘ ticid and add the cleanings to the 
nain solution. Add also 20 c.c. of com;. H2SO4 and (wafiorate 
>0 heavy fumes; cool; add 50 c.c. of water and 50 v . a ',. of 1.20 
litric acid; boil five minutes; filter into a 250 c.c. volumetric; flask; 
vash thirty times with water and dilute the filtrate, and washings 
.0 the 250 c.c. mark; mix well; pipette off 50 c.c. into a 10-inch 
-est tube and finish the manganese as in steel by boiling with 
ipecially prepared lead peroxide. (Sec page 338 ) 

Arsenic in Ferro-molybdenum and Molybdenum Powder 

Weigh 5 grams of the finely ground ore or metal into a 300 c.c. 
)eaker. Digest on graphite bath with a mixture of 15 c.c. cone. 
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IINOa and 10 c.o. of cono. H2SO4 until all action is over; remove 
the cover from the beaker and evaporate to heavy fumes; repeat 
this acid treatment until all sulphide or metal is dissolved or 
oxidized completely. 

Cool; add 60 c.c. water; heat for one hour and hlter; wash 
the hlter about thirty times with water; make the filtrate and 
washings ammoniacal to preiapitate the iron, Al, and As (at least 
twenty times as much iron as arsenic, must be present, or a weighed 
amount of iron to that extent should be added). Filter after 
lieating awhile. The filtrate and washings from the iron and 
arsenic will contain the bulk of the cop[XT and Mo. Dissolve' 
the iron off the filter with cold 1 : 1 11 ( 1 ; wash the filter w('ll 
with water; reprecipitate the Fe, As, et(^, again as before with 
ammonia; filter and wash the filter. Reiieat these operations 
at least four times to insure the complete removal of the Mo 
and Cu from the iron, arsenic and aluminium. Again, redissolve 
the iron and arsenic as before; wash the filter thoroughly. Kvaf)o- 
rate the filtrate and washings containing the iron and arsenic 
to 100 C.C.; cool; add 200 c.c. of com*. H(1 and precipitate 
tlM> arsenic by passing H 2 H through this strongly acid solution 
for three hours in the cold to insure the arsenic predpitating as 
arsenic pentasulphidc. Let the saturated solution settle over- 
night as small amounts of arsenic separate very slowly from 
strongly acid solutions. Filter the arseni(^ pentasulphide 
mixed with more or less free sulphur, on paper filter; wash 
thoroughly free Irom iron with H 2 S water containing a few 
drops of 11(1. Purify the pentasulphidc^ from the free sulphur 
as given in the determination of arsenic in tungsten ores. See 
page 111. Then weigh as AS 2 S 5 as described. 

Copper. — The thrtx^ or four ammoniacal filtrates from the 
arsenic, iron, aluminum precipitations arc made acid with some 
cone, nitric acid and the copper is precipitated therefrom by 
potassium ferricyanide as in steel and let stand overnight to 
permit a thorough separation of the copper ferricyanide. The 
copper precipitate is then filtered off; washed with ferricyanide 
wash; the paper is burned off in a porcelain crucible; the ash 
is dissolved with 10 c.c. 1 : 1 HCl; filtered; washed with water; 
the filtrate and washings are precipitated with H 2 S for an hour. 
Finish for copper as in steel by KCN titration. 
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DETERMINATION OF MOLYBDENUM IN THE PRESENCE OF 
ARSENIC 

No. 1, 30 mR. Fe; 10 mg 10(^1 mg MoO, added. 

Recov(!red 2000 grain MoO, 

, No. 2, 30 mg. Fe; 20 mg. A.s.Oj, 1901 mg MoO, added. 
Recovered 1990 gram MoOj. 

No. 3, 30 mg. Fe; 30 mg A.s.Oj; 1991 mg. MoOs added. 
Recovered 2000 gram MoOj 

No. 4, 30 mg Fe, 10 mg A.s,(L; 1991 mg MoO, added. 
Recov(‘red 2000 gram MoOj 

No 3,30 mg Fe; 30 mg As.Oj; 1991 mg MoO, added. 
Recovered 1992 gi am MoOj. 

No 0, 30 mg F(*; No arseme; 1994 mg MoO, added. 

Recovered 200G gram MolO,. 


DETERMINATION OF MOLYBDENUM IN THE PRESENCE OF 
VANADIUM 

No. 1 coidamed 200 mg MoO,, 30 mg Fe, 30 mg. VA)s 

No. 2 conlamed 200 mg MoO), 30 mg. 13*, 130 mg. V.-O^ 

No 3 contained 200 mg MoO,, 30 mg 13*, 100 mg V 2 O 6 

No. 4 contained 200 mg MoO,, 30 mg 13*, ikj V4)6 

MoO.) Rkcovhkikn 

No 1, 2000 gram u*(;overed 1993 gr;irn a<lded 

No 2, 1990 giam recovered 1993 giam a<id(*d 

No 3, 1993 gram n'covered 1993 gram added 

No. 4, . 1993 gram recovered 1993 grui# added 

The V 2 O 5 range ran from an amount ofiual to 5 per cent up 
to 15 per cent on a gram sample and on the 15 per cent V 2 O 5 
the recovery wa.s as good as on the stimple containing no per- 
centage of V 2 O 5 . Some of tiie V 2 O 5 was found in the filtrate 
when the molybdenum sulphide was filtered off and part of it 
was found in the residue from the ammonia extraction of the 
M 0 O 3 . Used 5 grains of tartaric acid in each precipitation of 
the sulphide and made the precipitation in an ammoniacal solu- 
tion; completed the precipitation of the sulphide with addition 
of 20 c.c. 1 : 3 H 2 S().,. 

The carbon and manganese can be determined as in tungsten 
powder. 
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ANALYSIS FOUND 



Per Cent 


Per Cent 

Carbon 

( 1 81 

Tungsten 

10 02 

Manila ne.se 

0 32 

Molybdcnuni 

42 66 

Phosi)horus 

0 080 

Iron , . 

• 42 12 

Silicon 

1 85 

Sul|)hiir 

1 

0 14 


Analysis of VVulfenite Ore 

Weigh 1.0 to 1.5 grams of linoly ground sample (200 mcvdi) 
that has been dranl for one liour at 105° C. into porcelain casseroles 
(250 G.c. capacity). Add 50 c.c. HNO 3 (cone.) plus 50 c.c. IICl 
(cone.); heat for four hours at low heat; then remove covers 
and take to dryness. 

Lead. — Tak(i up with 50 c.c. HCl (cone.), digesting with chlo- 
rate of sodium four hours, adding on(^-h;df gram chlorate every 
half hour. Remove from heat just after last addition of chlorate 
and filter hot solution through 11 cm. papers. Wjish si.xiy times 
with IICl wash (I : 20). If the solution is i)erfect the residue 
left on the paper will be silicic acid. The solution must not be 
too dilute and should contain active chlorine from the last 
chlorating and much free IICl to keej) the lead from precipitating 
as chloride. Burn the filter paper in a j)latinum (‘l ucible at the 
lowest possible heat until white. Weigh. h>aporate with HF 
and a few drops of H 2 SO 4 to remove silica; ignite the dry residue 
to the lowest red heat and weigh again. The loss of weight is 
calculated to percentage of silica. 

Note if this residue is pure white. If it is yellow, tungsten 
may be present. Fuse residue with sodium carbonate (10 grams) 
and dissolve with HCl (1 : 1). Add this solution to first filtrate 
plus 20 c.c. H 2 SO 4 (cone.) and evaporate to fumes. Cool; add 
50 c.c. alcohol plus 150 c.c. water; stir and let settle overnight 
to precipitate lead sulphate. Filter same; wash sixty times 
with sulphuric acid wash (1 : 40) and evaporate filtrate to fumes 
again to obtain any lead still in solution. Filter out this remain- 
ing lead sulphate; wash as before. 

Combine both papers containing lead sulphate*; burn at low 
heat in weighed porcelain crucible; add three drops HNO 3 
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(cone.) to oxirli^ any lead that, has botai reduced and ignite at 
low heat to drive otY all ('xc.ess nitric acid. Add three drops 
H 2 B().t (coiK*.); Ignite again at low heat to drive off all exci'ss 
sulfihuric acid and weigh; the final w<‘i,iht of the Ph!S 04 niulli- 
plied by factor 0.730 equals l('a<l o\id(‘ content of ore. 

The filtrate from second hvid prec.ipitat(‘ is made slightly 
ammoniacal to precipitate all iron and aluminum present. Filter; 
wash forty times with NHdlH wash (I : 10) and burn off paper 
in platinum criKuble. Pnripitate the main molylxh'num in the 
filtrate from the iron and aluminum as in molybdenite ore, 
Fuse oxide of iron and aluminum in iilatinum (aanable with 10 
grams sodium carbonate. Dissolve fusion in 150 c.c. water plus 
20 c.c. H 2 SO 1 and boil off CdD. Mak(‘ animoniacal ; filter off 
iron and aluminum and preiujiitate the renuuning molybdenum 
that may have been carried out with th(^ iron, etc., as in 
molybdenite ore. 

Molybdenum. —Combine the two molybdimum sulphide pre- 
cipitates obtained as des(a*ib(‘d in the foregoing and finish for 
M 0 O 3 as in molybdenite or(‘ analysis. 

Carbon Dioxide.— Souk* wulhmites (contain considerable lead 
carbonate. To d(‘termm(‘ the ('()■>, the powdiTod substance is 
placed in a carbon combustion furnac.(‘ and igniteil at a red 
heat for thirty minut(‘s in a stream of oxygmi, glutting the COu 
as in steel. (See analysis found m a .sample of wulhuiite No. 1, 
given below ) 

Sulphur can be gotten by the hot tube nieUiod (see page 122). 

Copper will be found with the MoO.i and gotten as a cor- 
rection as in molybdenite analysis. 


■ 

\\ tilf< m( e N 0 


Per Cent 

PbO 

70 27 

S102 

5 05 

Fe^O, 


AI2O3 

4 66 

CD2 . . . 

12 20 

M0O3 

7 82 

V2O, .. . 1 


CuO 


P 



W ulfcnito No 2 
Per Ont 

50 26 

6 94 
22 62 


Wulfonitp No .3. 


Per Cent, 
61 20 

3 12 

4 00 
1 05 
4 24 

18 81 
1 00 
0 58 
0 137 
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RESULTS OBTAINED BY THE METHOD ON KNOWN MIXTURES 


Mo(h 

Kouiid 

Lc-:i(l X.ldf.l 

Load I'oiiiid. 

I’rr ( ’('lit 

r (Tilt 

I’crC'ciit 

I’f'r ( '*'rit 

0 ()r)4() 

0 .Y")? 

0 101)9 

0 102 

0.1002 

0 lOH 

0 19S 

0 .190 

0.29H0 

0 20.")() 

0 299 

0 300 



0 39S 

0 397 


Tungsten.— In the fori'going scJinmo any tungsten present 
would be found with the lead sulphate. 



(^flAiniOR V 
1^\K T IV 

DETERMINATION OF TIN, BISMUTH AND ARSENIC IN PLAIN 
AND ALLOY STEELS 

Dissolve 2 of dnllm^s hy thriii in a No. 5 

porvohiin dish on iho wator lialh. Aft(T acjl.ion wit.h IKM is 
over begin to further att.a(^k (he if it (‘onlains large (]uan- 

titles of ehroinium and tungsten, by additions of potassium 
chlorate, 0.5(K) gram at a tinu' at intervals of thirty minutes 
until the insoluble residin' is bright yi'llovv if tungsten In' pn^sent. 
Heat until all smell of chlorine is gon(‘. The sample is usually 
well decomposed when the amount of chloratii added eipials 
about 2 grams. Now add 50 c.c. of water; heat for a half 
hour; filter out the insoluble residue and wash the same free 
of iron test with dilute I KM. 

The filtrate and washings are made nearly neutral with 
ammonia and 20 c.c. of ciiudionine solution an^ added, if the steel 
contains tungsten, to remove the last traces of the latter. The 
solution is allowed to stand overnight to make sure that all 
traces of tungsten are separated. The tungsten is then filtered 
out, and the filter is washed with cinchonine water as in the 
determination of tungsten. Any traces of tungsten remaining 
behind are very likely to contaminate the tin sulphide, obtained 
later. ' (This c,inchonine solution is made by dissolving 50 grams 
of the latter alkaloid in 200 c.c. cone. HCl and 800 c.c. of 
water.) 

The filtrate and washings from the cinchonine precipitation 
are diluted to 400 c.c. and hydrogen sulphide is passed until the 
mixture of sulphur and sulphides settle well in the hot solution. 
The sulphides are filtered off and washed with hydrogen sul- 
phide water until free of ferrous iron test to ferricyanide of 
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potassium. This roquiros fifty washings. Two drops of 1 ; 1 
HCl aro put in 500 (;.r. of this wash. 

Burn off th(‘ mixture of sulphides at a very low red heat in 
a weighed porcelain cruiihh*. Tlu' n'sidue in the criuMble may 
contain small amounts of oxidc's of c,o[)i)er, molybdenum, bis- 
muth, iron and silicon besides the o\id('s of tin. The oxid(‘s are 
heated at a hmI heat for a half hour afU'r the p;iper is all burned 
away. The tot.al weight of the oxides is obtidned and then the 
oxides are extracted wath 20 c.c. of (a)nc. ammonia to remove 
the molybdenum. The r(\sidue insoluble in ammonia is filtered 
off; wiished with ammonia wat(‘r; burned ofT as before; and is 
then heated with 1 : 1 IK'l to remove the small amount of iron, 
copper and bismuth that may Ix^ present. Again the residue 
insoluble in the HCl is filtered off; wa.shed, and weighed. This 
W’cight represents the tin oxid(i together wit.h a, little silica. To 
remove the silica the residue, alter being wi'ighed free of the 
iron, bi.smuth and copper, is tran.sferred to a platinum crucible, 
moistened with 5 drops of the con(\ H2S()i and evaporated to 
dryness with 5 (j.c.-of HFl to nmiove thi^ silica. The crucible is 
then heated to redness again, (tooled and w'('igh(xl. The wcaght 
so obtained is calculated to metallic; t,m by multiplying by the 
factor ().787(). A first-class steed will not show' by this imdhod 
much over 0.050 per (;ent Sn. ddie author has repcvatedly had 
the method tested by adding known amounts of tin to alloy 
steels; and has reitovered the amounts added w’ithin a fraction 
of a milligram. Itimust be reimmibered, in this connection, that 
chloride of tin is ’*olatilc; for this leason the author never heats 
the samples much above the water bath temperature during the 
decomposition with hydrochloric acid and chlorate. 

In case it is d(\sired to determine both tin and bismuth, it is 
better to separate these two elements, as given under the deter- 
mination of Bi and Sn in tungsten powaier, when mu(;h tin and 
bismuth arc present, page 95, by the use of yellow ammonium 
sulphide and flowers of sulphur. 

Arsenic in Steel 

Dissolve the steel, 5 grams, exactly as for tungsten in high- 
speed steel (see page 171), using a mixture of equal parts of 
cone. HNO3 and HCl. Continue to attack the steel in this way 
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until the tungsten, if any be present, is a clear bright yellow. 
Evaporate to moi><i dryiu'ss, only, with additions of 11(3 until all 
of the coiu*. nitric acid has beiai r(‘iiioved. l‘'iinsh th(' arsenic 
in the IK'l solution as given in tungsten ores. Weigh the arsenic 
as As2^5- 



:hapti<:r vi 


Part I 

ANALYSIS OF FERRO-CHROME, CHROME ORE AND 
CARBONLESS CHROME ' 

Ferro-chhomk .‘ind cRrhonloss chrome usually dissolve 
com[)l(d,(‘ly in 1 : 3 sulphuric acid. The hu’ro should he g:round 
as fiiK^ as possi})le. ('arhonl(‘ss chrome dissolves readily with' 
out grindinj*: to any espcnaal deji:r(‘e. 

When a residue of a gritty or metallic nature remains after 
dij^estion with tlu^ diluUi acid, it is filtered out, washed twenty 
times with 1 : 10 sulphuric acid, roasted, fused with twenty 
times its weight of sodium carbonate plus a fifth of its weight of 
potassium nitrate. The fusion is dissolved in water m a platinum 
dish, or porcelain one, and then iioured into the main solution. 

* Dissolve from 0.3 to 0.4 gram of sample in 30 c.c. 1 : 3 sul- 
phuric acid as describ'd, fusing the residue if there be any. Add 
00 c.c. 1.20 nitric aiad, and tn^at exactly as stat(‘d foi' determina- 
tion of vanadium in f(‘rro-vanadium until the filtering through 
asbestos or a porous crucible to removes the excess of manganese 
oxide has been accomplished. To the cold filtrate add from 1 
to 2 c.c. of the ferri(;yanide indicuitor. Add also 50 c.c. of I : 3 
sulphuric acid. Titrate at once with a standard solution of ferrous 
ammonium sulphate of double the strength of that used for 
vanadium work. When 3 drops of this standard produce a 
darkening of the green to a bliu', after the entire disappearance 
of all red or yellow tints, the end-i)oint is reached. 

Standardization and Calculations . — Dissolve 39.103 grams of 
ferrous ammonium sulphate in water; add 50 c.c. of 1:3 sul- 
phuric acid; and dilute to 1 liter for standard. To standardize 
the ferrous ammonium sulphate weigh into a 5 ounce beaker 
0.500 gram of rccrystallized c.p. potassium dichromate. Dis- 


Use from 0.2 to 0.25 gram if Cr in the ferro is over 50 per cent Cr. 
174 
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solve these crystals in a small niiantity of water. Add to the 
water solution sulphurous iu'.id unfil the ehroinate is entirely 
reduced to a dark g;reen and smells distinctly of S() 2 . Then 
transfer this green solution to a <)()() c.c.* beaker containing about 
as mueb steel, free from chromium, as there is supposed to be 
iron in the ferro-chromium. For example', if the ferro is sup- 
posed to contain f'O per cent chromium, use' 0.100 gram of steel. 
The steel is elissolved in 30 (;.c. I : 3 sul{)huri(‘ acid before the 
reduced chromium solution is added to it. Put this standardizing 
mixture through all of the analytical operatie)ns given for the actual 
analysis of the ferro-chromium, including the aeldition of the nitric 
acid. 

C \LrCL\TI()NS 

• The ferrous nminonmni sulphate usial hy th<‘ 0 r)(M) jrram K.Pr^D; is, for 
example, 102 6 c r. The pereenta^i' of elirouuuin iii the (liehnanale is 3.') 35. 
Therefore 0.500X35 35^ 102 0 0.(M)1721, or 1 <• (* of tin* harous ammonium 
sulphate solution equals 0 001721 f?ram of ehromiuiu 

A check standardization usmp; 0.000 gram of gav(‘ 1 c.e equals 

0,001713. The average value is 0 0OI71S. Suppose 0 3tM) gram of a fi'rro- 
chromium required 99 0 e e of the sulphate standard: 99. 9X0. Ot)1718 4-0.3 = 
0.5721, or 57.21 per cent chromiuni 

('.\RHON 

The total carbon can be obtaintul (piickly by th(' means of some 
oxidizing flux in a stream of oxygen. Diri'c^- combustions with 
oxygen alone are vtuy incompleti', at h'ast with temperatures 
of 950° C. and under. Decarbonizt' 1 gram of bO-mesh sample, 
or finer, with 4 grams of red lead, either in the gas or electrically 
heated furnaces. 


Sulphur and Silicon 

Fuse 1 gram of the finely powdered alloy in an iron crucible 
with a mixture of 10 grams of Na 2()2 and 5 grams of Na 2 C 03 for 
two or three minutes in the maimer described under ferro-titanium. 
(See page 57.) Hold the crucible in the flame with a pair of tongs 
giving it a moderate rotary motion during the three minutes of 
quiet fusion. 

When the melt is cold, place the crucible on its side in a 
porcelain dish or casserole. Cover it with water; warm it as 
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little as possible to prevent attacking the glaze of the dish. 
When the solution is complete, remove the crucible, rinse off its 
sides into the dish, and ryb off and wash into the dish any oxides 
adhering to its inner walls. 

Add an excess of HCl; evaporate dry; take up in water 
and HCl, heating until all but the silica is in solution; cool; 
filter out the silica, mixing in some ashless filter jiulp to aid 
filtering and washing; wash free of iron test; smoke off the 
filter from the silica in a platinum crucible and then raise the 
heat gradually and finally blast to a constant weight. Call this 
(A). Evaporate the filtrate and washings from the main silica 
again to dryness to get out tlu* last traces of silica; take up with 
water and HCl as before; filtca* out the small amount of silica; 
wash it free of iron test with 1 : dO HCl; and burn it to an ash 
in the same crucible with (A). The total ash in (A) will now 
contain the total silic^a. Igniti'. it to a constant weight ; evaporate 
it to fumes with 15 c.c. of HE and 3 c.c. of 1 : 3 H2SO4. Raise 
the heat gradually to a dull red; cool; do not blast; cool and 
weigh. The loss of weight of (A) multiplied })y 49.63 and 
divided by the weight taken will give the total per cent of silicon 
in the sample. Deduct the blank before making the calculation. 
Also if the silicon is high, being several per cents, it should be 
again evaporated. This time with 7 c.c. of HE and 20 drops 
of 1 : 3 H2SO4 ; ignite to a dull red and weigh again to make 
sure all of the silicq has been driven off. The residue from this 
second evaporation is fused with twenty times its weight of 
Na2C03 mixed with the equal of its weight of niter. Heat 
slowly to a bright red and keep at this heat for twenty minutes. 
Dissolve the fusion out in water in a platinum or porcelain dish. 
Add 1 : 1 HCl to dissolve the fusion if a porcelain dish is used, 
as the hot alkaline solution will attack the glaze of the dish. 
Clean the crucible with a little acid; add these cleanings to the 
solution of the fusion; add an excess of HCl; heat until all is in 
solution; and add the entire fusion to main filtrate and washings 
from the second evaporation made to get out the last traces of 
silicon. This total solution will now contain all of the Cr, Mn, 
S, Al, P, Cu, Ni and V and can be analyzed for these elements 
by nearly the same methods as given for ferro-titanium by fusion. 
However, it is better to get the phosphorus and sulphur only 
from this solution, 
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Sulphur and Phosphorus 

Add a slight oxc^ess of ammonia t(v»tiu* solution last men- 
tioned; heat; hlter out hydroxides of iron, ete., using two 
funnels and 15 em. filter papers as the precifiitate will be of large 
bulk. Wash with water; aeidulate tlH‘ filtrate and washings 
with HCd; add 10 e.e. excess of 1 : 1 IK'l; volume at this stage 
should be not much ovia- 400 c.c. Too much free HCl prevents 
the comphitc piecipitation of HaS().i; on the other hand if the 
solution is too nearly neutral the HaSOi forms in a state of 
extremely fine division, settles vcay jioorly, and has a decided 
tendency to run through tlu‘ filtc'r paper. 

Now add to th(‘ hot. solution 50 c.(^ of a saturated solution 
of BaSOi diluted with 100 (*.c. of water; stir thoroughly and let 
settle overnight. Finish th(^ sulphur as in sti'el by the gravi- 
metric method. The hydioxides of iron, chromium, etc,, on the 
two filter papers contain all of tlu' phosiihorus. Dissolve them 
off the filter papers as far as possible' with hot 1 : 1 HCl; wash 
the papers thoroughly with \\ater. Bum them to an ash; fuse 
the ash with twc'uty times its weight of Na-A'Oa mixed with once 
its weight of KNO;j. Dis.solve out tin* melt in IK'l and add it 
to the main solution of the hydroxides. TIk'ii evaporate the 
latter to 15 c.c.; add 75 c.c. of cone. HNO3; heat with the cover 
on until all action is ovi'r; evaporate to 15 c.c. again; repeat the 
evaporation with cone, nitric, using 50 c.c. » 

Wash the nitric solution of th(‘ hydroxides into a 125 c.c. 
beaker and evaporate to 25 c; c Add 20 c.c. of cone, nitric acid; 
heat to boiling; remove from the fire and add, at once, 50 c.c. 
of the faintly ammoniacal solution of ammonium molybdate. 
Stir rapidly for two or threi' minutes; filti'r off the phospho- 
molybdate as soon as it has settled. Finish as for phosphorus 
as in steel. 

('hromium 

Instead of running all of the nitric acid solution of the iron 
and chromium for phosphorus, it can be divided into two equal 
parts. One part can be finished for phosphorus and the other half 
can be diluted to 300 c.c., boiled with KMn 04 and finished by 
titration with ferrous ammonium sulphate as already described 
for chromium. 
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The scheme described on pages 47-48 for the analysis of ferro- 
titanium calls for the transfer of the solution containing the 
total Cr, Mn, S, Al, P, Chi, Ni, etc., to a liter flask; dilute to 
the mark; mix well; repeatedly inverting the stoppered flask. 
50 to 100 c.c. of this solution are measured off into evaporating 
dishes. 


Manganese 

To this 50 and 100 c.c. are then added 10 c.c. of 1 ; 1 HC4 and 
then a slight ex(;ess of a thii^k (‘ream of zinc oxide and water 
to remove the chromium. Cdiromium interferes seriously with 
the determination of manganese by lead peroxide method. Filter 
off the precipitate, consisting of liydroxides of iron and chromium; 
wash them thoroughly with water. Add to the filtrate and 
washings about 15 c.c. of 1 : 3 l:l2S04 and evaporate to thick 
fumes to remove the HCl. 

Add 10 c.c. of water and heat until all sulphate is dissolved; 
transfer the solution to a lOX 1 inch test tube; add 10 c.c. of cone. 
HNOs and finish by boiling with brown lead peroxide; titrate 
for manganese as in st(‘(4 with standard sodium arsenite solution. 
If the mangan(‘se is higher than 2 per cent, the sulphate solution 
should be finished with a larger amount of nitric acid; boiled 
with more brown lead; and titrated with ferrous ammonium 
sulphate as described on page 345 for per cents up to 16 per 
cent Mu, 

Iron, Aluminum and Manganese by Solution in HF and 

H2SO4 

Dissolve 1 gram of the finely powdered alloy in the same way 
as described for ferro-titanium, in a covered platinum dish in 
10 c.c. of II F; warm in a good draught; remove from the heat; 
add a few drops of cone, nitric acid; when action is over, continue 
to add the HNO3 until a total of 5 c.c. has been used; remove 
the lid; wash the under side of the cover into the dish; add 
10 c.c. of cone. H2SO4; evaporate to slightest fumes only (difference 
from titanium procedure). If a solution containing chromium 
is evaporated to thick fumes of SO3, the chromium becomes very 
insoluble. 
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The sulphate of iron (chromium, Al, Mn, etc.) is again gotten 
into solution by heating it with water and H2SO4. It is again 
evaporated to slight fumes to insure the complete removal of 
the chlorides. 1 he .sulphates are again dissolved by heating with 
water; the whole is transferred to a liter Hask; and diluted 
to the mark; mixed well by repeatedly inverting the Hask. The 
500 c.c. portion taken for the Al, Fv is evaporated to 300 c.c. 
and peroxidized in a beaker by adding Na 202 until slight alka- 
linity is obtained to litmus paper; 5 grams excess [leroxide and 
5 grams of Na 2 C 03 are added and the whole is brought to a boil 
for a few seconds only. The volume at this stage should be about 
600 c.c. The iron hydroxide, which still may contain con- 
siderable Cr and Al, is filtered off and washetl with carbonate 
water (5 grams dissolved in 500 c.c. of water). The yellow 
filtrate and washings will contain most of the Al and Cr. The 
iron hydroxide is dissolved off the filter with hot 1 : 1 HCl. 
The filter paper is wa.shed thoroughly with 1 : 40 HCl until free 
of iron test. The filter paper is .saved. 

The filtrate and washings an* again peroxidized as before; 
the iron hydroxide filtered off and washed. If the filtrate and 
washings are still yellow, the iron hydroxide must be again dis- 
solved off as before, th(* filt(‘r washed free of iron and saved. 
The filtrate must be again peroxidized and .so on until an alkaline 
filtrate and washings aix; obtained fr(‘e of yellow !ind on neu- 
tralizing to turmeric paper gives only a slight cloud of Al hydroxide 
or none at all. Where much Cr or Al or boMi, are [iresent this 
may require at least three peroxidations. 

The filter papers from which the iron hydroxide is dissolved 
off prior to each peroxidation, are saved, as stated, and burned 
to an ash at a low heat; wiaghed. The ash (which may be 
partly fused already from the small amount of carbonate remain- 
ing in it from the washing), is fused with twenty times its weight 
of Na 2 C 03 and twice its weight of nit(‘r for fifteen minutes at a 
bright red heat; the melt is dissolved out with water; filtered; 
washed with carbonate water; the filtrate and washings are 
added to the yellow filtrates from the peroxidations of the iron. 
However, if this filtrate and washings from the fusion of the ash 
shows green tints, it contains sodium manganate which must 
be removed by heating in the filtrate and washings, a few drops 
of alcohol. The Mn will settle out as a brown precipitate, 
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which is filtered out and washed with carbonate water. This 
operation should be done before the solution of the fused ash 
is filtered in the first place. 

The lesidue on the61tcr from the solution of the fused ash 
is added to the main iron hydroxide which is left on the filter 
after the last peroxidation to remove the last traces of the A1 
and Cr. This iron hydroxide (which is now free of A1 and Cr), 
together with the small residue obtained from the fusion of the 
several filter paper ashes after the warming of the water solution 
of the fusion with alcohol, will contain the total iron and 
manganese in the one-half gram portion of the alloy. 

Iron and Manganese. — The last-mentioned chromium-free 
iron and the small residue of iron and manganese on the filter 
from the w’ater and alcohol solution of the fused filter ash can 
now be dissolved off the respective filters with hot 1 : 1 HCl 
as far as possible. To make sure of dissolving all of the manga- 
nese treat the filter papers further with some sulphurous acid 
water which is most effective in dissolving manganese. Then wash 
thoroughly with 1 : 40 HCl and dilute sulphurous acid water. 
The filtrate and washings are then evaporated to thick fumes 
with 40 c.c. of 1 : 3 H28O4. Cool; heat with water and 10 c.e. 
more of H2S()4 until all sulphates are dissolved; cool; transfer 
to a 500 c.c. volumetnc flask; dilute to the mark; mix well; 
take one-half and put through the reductor for iron, as in iron 
ore, and finish the otlier part in 50 and 100 c.c. portions for 
manganese as in* steel, proceeding according to whether the 
manganese is over or under 2 per cent Mn. 

Aluminum.— As just described, the 500 c.c. of the iron- 
chromium aluminum solution are peroxidized until a filtrate 
and washings are obtained that are free from yellow tint and 
do not give even a slight cloudiness wdien made just neutral to 
turmeric paper and still slightly acid to litmus paper. 

The several alkaline filtrates and washings together with the 
small filtrate from the water solution of the sodium carbonate 
fusion of the filter ashes (the water solution in which the few 
drops of alcohol were heated to precipitate any manganate) 
will contain all of the Cr and A1 and V (if any is present) in 
one-half gram of the alloy. 

These filtrates and the small alcoholic filtrate are each in 
turn neutralized to tumeric with HCl as fast as they are obtained 
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to note the amount of A1 being separated at eaeh peroxidation. 
In this way one (“an tell whether it is necessary to make another 
peroxidation or not. 

The piecipitates of A1 hydroxide (Obtained from the neu- 
tralization of these filtrates and washings are combined on one 
15 cm. filter, after mixing in with them some ashless filter paper 
pulp to aid the filtration and washing. Filter on a double filter 
paper. Wash with ammonium nitrate wati'r (5 grams of the 
salt dissolved in 500 c.c. of water). The wa.shed Al will contain 
too much occluded salts for ignition and weighing, therefore it 
is dissolved otY the filter with hot 1 : 1 IK'l, ])()uring the latter 
back and forth over the paper and pulp several times, stirring 
up and ui)setting the laU(‘r to make sure that the acid gets to 
all parts of it. The papi'r and piilj) is then washed with 1 : 40 
HCl and then with water, stirring and upsetting the pulp fre- 
quently and permitting each washing to drain ofT thoroughly 
before anothcT one is applied. 

This filter paper and ])ulp is saved to burn with the repre- 
cipitated Al. The Al can now b(‘ precipitated from the hot 
filtrate and washings fr(H‘ of occluded salts with slight exc('ss of 
ammonia. It is boiled two or tliK'ti minutes, filtered off and 
washed as before. It is smokc'd off m a platinum crucible in 
which the previous filb'r paper and pulp (from the crude Al 
solution) has Ikmui buriu'd. Th(‘ carbon-free ash is blasted to a 
constant weight and \\(‘igh(‘d as AloO-i ))lus a little plus 

a little Si02 plus a little if any of tfie latter be in the 

reagents. 

The AI2O3, etc., after blasting and weighing, is evaporated 
with 7 c.c. of HF and 4 c.c. of 1 : HiSOi; ignited and weighed 
again as AI2O3 plus a little CV20;{ plus what little P2O5 is gathered 
from the reagents. To correct for the two latter impurities fuse 
the AI2O3, etc., with twenty tinu's its w(“ight of NaiOs plus the 
equal of its weight of niter at a bright nal heat for thirty minutes. 
Dissolve the fusion out in water. Transfer it to a porcelain 
dish; acidulate it with IK'l; heat with the cover on until most 
of the CO2 is gone and all is in clear solution; cool; transfer to a 
500 c.c. volumetric flask; dilute to the mark; mix well; take 
250 c.c. and evaporate it twdee to slight fumes with 1 : 3 H2SO4; 
cool it; add water; heat until all is dissolved and finish for Cr 
as in steel; calculate the Cr so found to Cr203 by use of the factor 
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1.4615. Deduct the milligrams of Cr 203 so found from the 
AI2O.3, etc. The remaining 250 c.c. are converted to nitrates 
by evaporating twice to 10 to 15 c.c. with 75 c.c. of cone, nitric 
acid; transfer to a 150 c.c. beaker. Finish for phosphorus as in 
steel; multiply the milligrams so found to P2O5 by use of the 
factor 2.2886. Deduct the P2O5 obtained from the AI 2 O 3 , etc., 
remaining after Cr 203 was deducted. The AI 2 O 3 having been 
freed of Si02 by the HF and corrected for Cr 203 and P 2 O 5 , the 
remainder of weight is now cahnilatcd to A1 by use of the factor 
0.53033. This product multiplied by 100 and divided by 0.500 
will give the percentage of A1 in the alloy 

Ikon and ('hkomium (Second) 

Iron.— The other 500 c.(^ portion of the original liter solution 
of the 1 gram of the alloy by HF and ll 2 S ()4 and HNO3 can be 
divided into two parts- 250 c.c. (equal to 0.250 gram of the 
sample), and put through the reductor and titrated for iron, as 
Cr does not interfere with this titration with standard KMn04 
except the color effect it may have on the pink (md-point. 

Chromium. — 200 c.c. of the liter solution (equal to 0.200 gram 
of the sample) can be boiled with an excess of KM 064 ; hltered; 
and the hltrate finished for Cr by titration with standard ferrous 
ammonium sulphate, back titrating to a slight pink with standard 
KMn 04 as described on page 17. Or by use of potassium 
ferricyanide as an internal indicator it can be titrated to a blue 
end-point with standard ferrous ammonium .sulphate, alone, 
for Cr.’ 

The total Cr can also be obtained by combining all of the yellow 
filtrates from the A1 hydroxides precipitated by neutralizing the 
alkaline filtrates obtained when the A1 is separated from the 
iron, etc., by peroxidation. Add to the Cr so found the small 
amount found in the final A^Oa- 

Method for Soluble Ferro-chromium and Metallic Chro- 
mium. — Low silicon ferro-chromium and metallic chromium are 
of this type. The method answers well for Fe, Mn, Cr, Al, 
Ni, Cu and Si, but not for P or As. 

Method . — Dissolve 1 gram of the finely powdered alloy as 
far as possible in 40 c.c. of 1 : 3 sulphuric acid. Evaporate to 
slight fumes of SO3. Redissolve in water and a little more 
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H2SO4, heating until all sulphate of iron is in solution; filter 
out the silica; wash it with 1 : 40 H2SO4; then with water; 
evaporate the fiUrate and washings again to slight fumes, only. 
If taken to heavy fumes, the anhydrous# chromium sulphate 
formed is very insoluble. Take up again as l)efore, filtering out 
the silica that may not have been separated by the first evap- 
oration. Wash free of iron as in the first evaporation. Burn 
the silicious residues from the two evaporations togidher; ignite 
and weigh; evaporate with 15 c.c. of HK plus 10 dro[)s of II2SO4; 
ignite again as before. Th(^ loss of weight eipials the Si02, 
which, multiplied by 40.90, gives the Si. 

The residue in the (!ru(;ibl(‘ after th(‘ HF evaporation and 
weighing is fused with twenty times its wcaght of Na2('f);i and 
the equal of its weight of niter; the melt is dissolved out in 
water; the crucible is cleaned by warming in it a little I : 1 
H2SO4; the water solution is acidulated with H2S()}; heated 
until all is dissolved and addiMl together with the cleanings of 
the crucible to the main filtrate from the last evaporation to 
remove the last of the silica. 

The filtrate and washings now contain all of tlu; Cr, Mn, 
Fe, Al, Cu, Ni, and V in the alloy, and these eleiiamts are deter- 
mined exactly in the same manner as described when the alloy 
is dissolved in HF plus HNOj [)lus H2SO4. 

C'OPPKR AND Nickel 

• 

Get 1 to 5 grams of the sample into solution by the HF — 
HNO3 — H2SO4 method or by the method for soluble ferro- 
chrome; saturate the sulphate solution with H2S; filter out the 
copper sulphide; wash it with slightly acidulated H2S water; 
finish the copper as in steel. The filtrate and washings from 
the copper arc evaporated to slight fumes, adding a few crystals 
of KC103 before the evaporation becomes too concentrated. 
(Chlorate explodes if heated with concentrated sulphurii; acid.) 
The oxidized sulphate solution can then be finished by precip- 
itating the nickel out with dimethyl, keeping the Cr and Fe from 
precipitating by use of citric acid. See method for steel. When 
the sample is gotten into solution by the method for soluble 
ferro-chrome and metallic chrome, the H2S hhi>uld not be passed 
until the residue from the HF evaporation is fused, dissolved, 
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and put back into the main filtrate from the silica as this resiaue 
may contain an appreciable amount of the copper. 

Blanks and Check Mixtures . — The operator should without 
fail run blanks when making any of the determinations described 
under the Analysis of Ferro-Chromium. The iron can be added 
in the form of a steel of a known iron content or a standard 
iron ore. The chromium can be added as recrystallized potas- 
sium dichromate; the copper as metallic copper; the nickel as 
the double sulphate of nickel and ammonium; and the A1 as 
metallic Al. As the latter is very slightly soluble in H2SO4, it 
can be first dissolved in HCl; converted to sulphate by fuming 
it with H2SO4 and then added to the solution of the mixture 
before evaporating it to dryness to get the silicon blank. 

Sulphur by Evolution in a Stream of Hydrogen Saturated 
WITH HCl; AT A Temperature of about 950° C. 

Place 0.500 gram of the finely powdered sample in a tapered 
clay combustion tube; fill the cold tube with the H; turn on 
the electric current; raise the heat gradually to 950° C.; con- 
tinue to pass the acid hydrogen, catching the H 2 S formed in a 
10X1 inch t(?st tube filled three-fourths full of ammoniacal 
cadmium chloride solution. Change absorbing solution every 
forty-five minutes until a tube is obtained that shows no cadmium 
sulphide. Finish by titrating with iodine standard as in steel. 

Chromium in Chrome Ore 

Fuse 0.6 gram with 8 grams of sodium peroxide in a 45 c.c. 
porcelain crucible. Keep the fusion molten for five minutes. 
Three or four melts can be made of chrome ore in a porcelain 
crucible before the peroxide cuts through. 

Place the crucible in a 375 c.c. casserole. Cover with a watch 
glass. Stand the crucible in the bottom of the casserole. Allow 
water to flow slowly down the under side of the watch glass and 
drop into the open crucible. The melt promptly boils up and 
dissolves in a few moments. Remove the crucible. Boil the 
water solution, without filtering, for one-half hour to remove 
all hydrogen peroxide. The excess of peroxide would reduce 
some of the chromic acid, if allowed to remain, just as soon as 
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the fusion is acklulatod with the sulphuric acid. Add 50 c.c. 
excess of 1 : 3 sulphuric acid. 

Add 3 c.c. of the ferricyaiiidc indicator to tlie (^old sulphuric 
acid solution and titrate it as in ferro-?hrotue, usinp; the same 
standard. Standardize by fusing 0.310 ^ram of potassium 
dichromate in 8 j^rams of pero.xide in a porcelain crucible, and 
complete the operation as in actual analysis. Multiply tli(‘ number 
of milligrams of metallic chromium found by 152 and divide 
by 104 to obtain tlie milligrams of chromium o.\ide m the ore, or 

19 

f>X^.^ = Cr2().$. 

As the samples of ferro-chromium and (‘brome ore are likely 
to vary somewhat, especially in th(‘ case of ferro-chromium, 
several determinations should Ix' mad(‘ of the .same sampler and 
the results averaged. 

Porcelain crucibles are not suitabh' for fusion of metals with 
sodium peroxide, as great heat is giaicM-ati'd, c.ui.sing the crucible 
to crack. This is not the case' m (;hrome ore. 

I N S( ) L 1 1 H L E FeRRO-C 1 1 ROM 1 E M 

Ferro-chrome that is not at tackl'd by acids can bi'. conven- 
iently assayed for chromium as given for chroiiK^ ori', but as 
the porcelain crucible usually crai^ks during the cooling a new 
crucible is needed for (‘ach fusion.* • 

Weigh 0.500 f gram of the finely ground ferro and fuse it 
with 8 grams of sodium peroxide. 

The Determination of ChiROMiuM in Ferro-chromium 
BY Fusion in an Iron (hujciiiLE 

Fuse 0.200 gram of the ferro if the (diromium is about 65 to 
70 per cent in (diromium content, or a proportionatidy larger 
weight if the chromium content is lower, in a 70 c.c. iiun crucible 

• Iron crucibles are preferable for this work. Use a 65 c c. crucible. 
Keeping the lid on, grasp the body of the crucible with the forceps; hold it in 
the flame of a Bunsen burner until molten. Then give the crucible a slight 
rotary motion for a period of three or four minutes, or until the entire mass 
is in a state of homogeneous fusion. 

t From 0.2 to 0.25 gram if Cr in the ferro exceeds .50 per cent Cr. 
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with 8 pjrarns of sodium peroxide. In makinp; the fusion the 
crucible is held in a pair of tongs and given a moderate swirling 
motion in the flame of an ordinary Bunsen blast burner. In 
two minutes the melt should be liquid and after two more minutes 
the fusion should be perfect. During the fusing it is wise to 
place the burner in an enameled ware pan as, in case the flux 
cuts through the crucible, the drops of the red-hot flux will be 
caught in the pan, instead of being spread far and wifle. After 
cooling the crucible is placed in a 600 c.c. casserole; a lid is 
placed on the latter and the fusion is dissolved in 150 c.c. of 
water, which is allowed to flow very slowly down under the 
watch glass into the open (;rucible. The water solution of the 
fusion is boiled for a half hour to remove all hydrogen peroxide; 
the crucible is removed from the casserole; 150 c.c. of 1 : 3 sul- 
phuric acid arc added; and the solution is heated for ten minutes. 
The iron scales arc filtered out on an asbestos plug (sec page 298) 
and the plug is washed with water thoroughly; the filtrate and 
washings are diluted to 400 c.c. with distilled water; 3 c.c. of 
indicator arc added (5 grams of potassium ferricyanidc dis- 
solved in 120 c.c, of water) and th(‘ solution is titrated to the 
first distinct i)lue with the same standard as given on page 174. 

Chrome Ore . — Chrome can also be analyzed as above for 
chromium, taking 0.500 gram for the analysis; l)ut for the most 
accurate work the author prefers the method given on page 184, 
as the fusion in porcelain dis.solves in the sul[)huric in the most 
satisfying way, being as clear as a filtered solution except for a 
few scattering pure white flakes of floating silicic acid. The 
fusion in porcelain is also desirable for iron determination as 
the sulphuric acid solution can be reduced at once without sepa- 
rating the chromium and titrated for iron with the standard 
permanganate solution (see page 443). 

Standardization . — For either of the above methods fuse 
0.400 or 0.450 gram of recrystallized potassium dichroniate in 
8 grams of the sodium peroxide and put the same through all 
of the above operations and titrate the resulting solutions with 
the permanganate solution to be standardized, calculating the 
chromium value of the standard in the same manner as given 
on page 174. 
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Part II 

THE ANALYSIS OF CHROME CEMENT 

Ignition Loss . — Heat I praTn of sample for a half hour in a 
weij 2 ;hed platinum crucible at a bright heat and weigh the cru- 
cible and its contents again and note the loss of weight. Return 
the crucible to the flame and heat at ten-rninute intervals until 
the loss for ten minutes heating no longer exceeds 0.0002 gram. 
The total loss of weight is calculated to percentage as the ignition 
loss. 

Silica, Iron and Aluminum Oxides.- 0.5 gram of sample 
with 15 grams of potassium acid sulphate (KHSO 4 ) in large 
platinum crucible, in the manner desctrilx'd on page 56, until a 
clear solution is obtained, ('ool; dissolve in water and hydro- 
chloric acid. Boil; filter off the siliita; wash it; finish it as 
usual getting the loss of weight with HE and a few drops of 
cone. H 2 S() 4 . The residue remaining in the^ crucible after this 
evaporation and ignition is fused with 4 grams of KHSO 4 . 
Dissolve it as in the main fusion, adding the solution to the 
main filtrate from the silica. This filtrate contains all of the 
iron and aluminum. The aluminum is separated from the iron 
by peroxidation with sodium peroxide until a filtrate is obtained 
that does not show any more precipitate with the HCl than a 
blank determination. (See page 178.) The iron on the filter 
from the last filtration together with any that may be adhering 
to the walls of the peroxidation flask is dissolved in HCl and 
finished by reduction with stannous chloride as in iron ore. 
The iron found is calculated to FeO. The aluminum is purified 
from occluded salts by redissolving it in HCl and reprecipitating 
it with a slight excess of ammonia. Before filtering off the 
aluminum it should be boiled for some minutes. It is washed 
with ammonium nitrate wash, ignited, blasted, cooled and 
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weighed as AI2O3 plus a little silica which is removed by evap- 
oration with some HF plus 10 drops of cone. H2SO4. Deduct 
blanks. 

Chromic Oxide —Vuf^e 0.3 or 0.4 gram of the sample in 8 
grams of sodium peroxide in an iron crucible and finish as in 
chrome ore. (See page 184.) 


RESULTS 



Per Cent 


Per Cent 

Ignition loss 

2 34 

Silica 

3 21 

Iron monoxide (FeO) 

30 00 

Chromic oxide (Cr 203 ). 

40 80 

Alumina . 

23 20 




Note. — Sodium carbonate fusions arc not successful as a method of 
decomposing the above cement. 
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Part I 

THE DETERMINATION OF LARGE AND SMALL PER CENTS OF 
ALUMINUM AND ZIRCONIUM BY FIRST REMOVING THE 
BULK OF THE IRON WITH AMMONIA 

Ali’minum in Plain Steel 

Dissolve on a low Haine 5 or 10 grains of sOm^I in 50 c.c. I : 3 
H 2 SO 4 diluted with 50 e.e. of wat(‘r. AftiT action is over hlti^r 
off the insoluble' residue whi(*h is mainly carbon and carbides, 
wash it twenty-five times with dilute' H 2 S ()4 wash. Call this 
filtrate and washings (A). The' insoluble' re'sidue' may ce)ntain 
Al, so it must be asheel in a platinum crue-ible' at a low heat; 
cooled; 6 c.c. e)f HP plus G e'.e*. e)f 1 : 3 sulphuric aciel aeldeei; 
evaporateel to thick fume's e)f S();{; e*e)e)l(‘el: a little' wate'r aelded; 
heated to dissolve; the sulphate's anel the; cle'ar solutie)n is aeleleei 
to (A). Then elilute; (A) to 250 e'.c. veelume' with wate*r and adel 
slowly I : 1 ammonia with e-onstant stirring until the reelelish 
precipitate changes to a blackish e'e)le)r. All the aluminum is pre- 
cipitated with but 3 or 4 per cent of the iron% Filter aluminum 
plus a little iron off at once; re;eli.ssedvc it in 50 c.c. hot 1 : 1 
HCl, pouring the acid back anel forth until idl the; ire>n and alu- 
minum are in solution. Wash the filter pape'r about forty times 
with dilute HCl water. Peroxielize the; filtrate; with sodium 
peroxide until the solution changes red litmus pa[X'r to a blue. 
Add about 5 grams of sodium carbonate; bring it to a boil and 
filter off the iron. Wash the precipitate about thirty times 
with water. 

If the pulp mixed with the precipitate is washed thoroughly 
no more aluminum will be left with the iron, otherwise it is neces- 
sary to redissolve the iron in hot 1 : 1 HCl and make another 
peroxidation. To the filtrates add 1:1 HCl with constant 
stirring until turmeric paper does not change even to faintest 
brown when dipped into the solution, but red litmus paper turns 
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slightly blue when dipped into it. Aluminum is precipitated at 
this stage. After a few hours, especially when aluminum per 
cent is low, filter off the precipitate and wash it about forty 
times with ammonium ‘nitrate, to remove the salts as far as 
possible. To free the aluminum from all sodium salts the alu- 
minum is redissolved in 50 c.c. hot 1 : 1 HCl. Wash filter forty 
times with dilute HCl wash. (Wash the filter paper free of 
chloride with water and save it to burn with the main final pre- 
cipitate, as aluminum is liable to remain in the filter.) 

Precipitate the aluminum by adding 1 : 1 ammonia to the 
filtrate until faintly ammoniacal. Bring it to a boil and filter 
off the aluminum hydroxide. Wash it free of chloride with 
ammonium nitrate. Burn off in a weighed platinum crucible 
and blast it to a constant weight. Weigh it as AI2O3 plus Si02. 
Remove the silica by evaporation with a few drops of 1 : 1 H2SO4 
and 10 c.c. of HF. The remainder is AI2O3. Multiply by 
53.033 to calculate to percentage of aluminum. 


ALUMINUM RECOVERIES FROM STEEL 


Weight of 
.Steel Taken 

Aluniinuni 

Added 

Aluiiiiiuun 

Found 

Weinht of 
Steel Taken 

Aluminum 

Added 

.Murninutii 

Found 

15 grama 
10 

5 

.010 gram 
020 

050 

0102 gram 
0199 

0.508 

5 grams 

5 

030 gram 
1(X) 

030 gram 
1005 


Same weights of steel without any aluminum added were put 
through all of the foregoing operations and the blanks found 
were deducted from the above five samples. All filter papers 
from which any precipitates are dissolved off with acid must 
be washed free of iron and ashed. The ash is always liable 
to contain some Al. This ash is fused with twenty times its 
weight of sodium carbonate at a bright red heat; the melt is 
dissolved out in 1 : 1 HCl; a peroxidation is made of it in a 
small volume and any aluminum it contains is gotten exactly as 
in the foregoing, and burned off with the main aluminum before 
it is evaporated with HF and a little H2SO4 to remove the silica. 

By the method as given extremely small amounts of Al can 
be detected and determined with great accuracy. 

Test Mixture . — Dissolve a known amount of metallic alu- 
minum in 1 : 1 HCl, fume it with 1 : 3 H2SO4, dissolve in water, 
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and 1 . 3 H2SO4; and add this A1 sulphate to the sulphuric acid 
solution of a plain carbon steel before it is filtered free of the 
free carbon and carbide residue. Tly'n put this through all 
the operations. Any of A1 recovery in* excess of the amount 
added, ecjuals the blank to be deducte<l. Use same weight of 
plain carbon steel as is used for the A1 steel. 

Note. All U, V, Cr, Zr, and Ti present come down with the aluminum, 
and are filtered off with the Al away from the bulk of the iron when the 
first ammonia precipitation is made. 'Phe above method for Al removes 
everything away from the Al except small contaminations of (V and V, if 
these two elements be pre.sent in large quant it le.^ To correct for traces of 
Cr and V, the AI2O3 plus a little (Jr and V oxide.s can be fused with sodium 
carbonate and a little niter in a platinum crucibh'j tlu' fu.sion di.s.solved out 
in water; made acid with H(J1 and heated until m (*lnar .solution in a ca-sserole; 
converted to sulphates; boiled with a .slight excess of KMn()4; filtered 
through a por )us filtering crucible; titrated for V and (> in lh(‘ usual way 
with KMnOj standard and ferrous-ammonium iron sulphate standard, with 
ferricyanide as an internal indicator. The V and Cr .so found are calculated 
to VjOfi and CrjOs and deducted. All this is rarely nece.s.sary, but should be 
done if the AI2O3 is not fairly white or looks grayish from CrjOj or golden 
yellow from V2O5. 


Aluminum and Zirconium 

Dissolve 4 grams of sample in 50 c.c. of 1 : 3 H2SO4 diluted 
with 50 c.c. of water. After aidion is over, filter off the insoluble 
residue which is mainly carbides. Wash the carbides twenty- 
five times with dilute H2S()4 wash. Call thij filtrate and wa.sh- 
ings (A). The insoluble carbides will contain some Al and Zr. 
Ash these in a platinum crucible at a low red heat. Cool ; add 
6 c.c. HF plus () c.c. of 1 : 3 H28(J4; evaporate to thick fumes; 
cool; add a little water, heat until all sulphates are in solution 
and add latter to (A). Dilute (A) to about 250 c.c. volume with 
water and add 1 : 1 ammonia with constant stirring until the first 
appearance of a black precipitate forms. Add a few drops in 
excess. At this stage all the zirconium and aluminum have been 
precipitated with a very small percentage of the iron. Filter off at 
once and redissolve precipitate in 50 c.c. of hot I : 1 HCl. Wash 
the paper with dilute HCl wash till it looks perfectly white. Con- 
centrate the filtrate and washings to about 50 c.c. volume and 
peroxidize with sodium peroxide till the solution is alkaline. 
This peroxidation is carried out in the following manner; add 
from a small porcelain spoon about 1 gram at a time of Na202. 
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Rinse off spoon into beaker with each addition of the peroxide and 
stir the solution each time and so on until the solution is alkaline. 
By this process the voli^mie reaches about 300 c.c. by the time it 
is alkaline. Then add 5 grams of Na2C03; bring it just to a boil 
and filter off the iron and zirconium. Wash precipitate with 
water about twenty-five times. The filtrate contains the alu- 
minum. Redissolve the iron and zirconium in 50 c.c. of hot 
1 : 1 HCl and peroxidize again as before to remove the last 
traces of aluminum. 

Add to the filtrate 1 : 1 HCl with constant stirring until 
turmeric paper does not change even to a faint brown when 
dipped in the solution, but red litmus paper gives a slight alkaline 
reaction. Keep cover on while adding the acid. Leave alu- 
minum settle for a few hours and after filtering it off, wash it 
about forty times with ammonium nitrate wash. Redissolve 
the aluminum with hot I : 1 HCl; wash it with dilute HCl 
water (wash the papers also with water and burn off with the 
main precipitate as some aluminum is liable to remain in the 
papers). 

To the filtrate and washings add 1 : 1 ammonia till slightly 
ammoniacal. Aluminum is precipitated. Now bring it to a 
boil, filter it off and wash it free of chloride. Burn it off in a 
weighed platinum crucible to a constant weight. Remove the 
silicon l)y evaporation with HF acid and a few drops of 1 : 3 
H2SO4; again we’gh as AI2O3. Multiply by 53.033 to calculate 
to percentage of aluminum. 

Iron and Zirconium 

The iron and zirconium on the filter are dissolved in 30 c.c. 
of hot 1 : 3 H2SO4 diluted with 50 c.c. of water. Wash the 
paper about forty times with dilute sulphuric wash. Add to 
the filtrate 20 c.c. of a saturated solution of Na2HP04 (di-sodium 
phosphate); stir well. Add 1 : 1 ammonia slowly till a pre- 
cipitate just sttirts to form. Zirconium phosphate comes down 
at this stage with very little iron as the solution is still acid and 
most of the iron is in solution. The more zirconium with the 
sample the less ammonia it is necessary to add before a pre- 
cipitate starts to form. After a few hours, preferably overnight, 
filter off the zirconium phosphate plus some iron phosphate, 
plus some silicon. Wash the phosphate with water forty times. 
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Burn it off in a weighed platinum crucible. Add about 10 drops 
of cone, sulphuric acid and 10 c.c. IIFl. Evaporate just to SO3 
fumes. Transfer the insoluble residue into a beak('r. Th(‘ iron 
phosphate will be in solution as iron sulphate whih' the zii’conium 
phosphate is insoluble. Warm the .solution for a whih' to mlissolve 
the iron sulphale that may be separated out. Filba* off the insoluble 
residue; wash it alxnit fifty times with water and burn it off 
in the same platinum crucible. (Som(‘ of the zirconium may 
stick to the crucil)le and cannot b(‘ transhaTcd to the filter.) 
Burn it to a constant weight and w(Mgh as zirconium f)hosphate, 
using the original weight of th(' criiciblt‘ gotten just bt'fore th(‘ 
zirconium phosphate plus a httl(‘ iron phosphat(‘ was burned in 
it. Multiply by 0.3836 to calculate to zirconium. 

Standards wen; prepjinal by adding a known weight of metallic 
test aluminum and Zrih (Zirconium Alba) to a plain steel; 
treated the same way as tin; samples. 'FIk* recovinies are accu- 
rate. See table below. 

Test Mixtures of Fe, Al, and Zr.~ (1) Fus(‘ ZrO^ with potas- 
sium bisulphate, dissolve the melt in dilute sul[)huri(! acid to get 
it in solution. 

(2) Dissolve iiH^tallK* aluminum in 1:1 H(3; fume it with 
sulphuric acid. Dis.solve in water to get it in solution. 

(3) Pour (1) and (2) into the sulphuric acid solution of the 
drillings of the plain steel. 


HKCOVEHIES 


A(Mrd 

Pound 

015 gram aluinirmm 

0P>t grain aluminum 

030 gram aluminum 

031 gram aluminum 

050 gram aluminum 

0495 gram alunimum 

025 gram aluminum 

0205 gram aluminum 

.Oil gram zirconium 

0108 gram zirconium 

’.022 gram zirconium 

0214 gram zirconium 

0308 gram zirconium 

0305 gram zirconium 

.0184 gram zirconium 

0185 gram zirconium 


SAMPLE ^ SO-CALLED “ZIRCONIUM STEEL" SUBMITTED 
FOR ANALYSIS 

Sample A. Al, 41 per cent; Zr, 13 per cent; Si, 77 per cent. 

Sample B Al, 50 per cent; Zr, 17 per cent; Si, .75 per cent. 



CHAPTER VII 
Part II 

THE COMPLETE ANALYSIS OF ZIRCONIUM-NICKEL-ALUMINUM- 

IRON ALLOY, FERRO-ZIRCONIUM, AND ZIRCONIUM STEEL 

This alloy was oiTered as “Zirconium-Nickel/’ but the analysis 
showed it to be more of a nickel-aluminum combination. 

Method. — 0.5 gram of the alloy is dissolved in 90 c.c. of 1 : 1 
HCl over a low Hame. It is a decided advantage to get rid of 
the bulk of the nickel by an ammonia separation; the Al, Ti, 
Fe, and Zr are precipitated with 1 : 1 ammonia, adding the 
reagent until it is in excess and then an excess of 15 c.c. The 
volume at this ix)int is about 200 c.c. 

Dissolve the precipitate off the filter with hot 1 : 1 HCl; 
wash the filter thoroughly with H('l water about sixty times; 
then about ten times with water. Burn off this paper in a 
platinum crucible and evaporate the ash with HFl and a few 
drops of H2SO4 to remove the silica. Hold this residue to add 
to the main precipitate. The above HCl solution of the Al, 
Zr, Fe, Ti is again precipitated with an excess of ammonia to 
remove the rest of the nickel. This precipitate is burned off 
in the same platinum crucible as the first ash. 

Fuse the total ash with 15 grams of KHSO 4 , cautiously, 
very gradually raising the heat to low red and until all is dissolved 
to a clear melt. Dissolve this fusion out in 200 c.c. of H2O 
plus 20 c.c. H 2 SO 4 cone. Add 30 c.c. of ammonia cone.; stir 
well; add 1 or more c.c. of hydrogen peroxide solution to bring 
out the full brown color of titanium if any be present; and then 
15 c.c. of a saturated solution of Na2HP04. Let the precipitated 
phosphate of zirconium stand overnight in this acid solution ; filter 
out the phosphate ; wash the same with water thirty times; burn 
off the precipitate in a platinum crucible and fuse it again as before 
with 15 grams of the KHSO 4 ; dissolve the fusion as before with a 
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mixture of 10 c.c. of cone. H2SO4 and 200 c.c. of^water and add 1 
c.c. or more of H2O2 to note if any titanium still remained with the 
precipitate before it was fused the second time with KHSO4. 
Add 15 c.c. of cone, ammonia and 15 c.c. f^f a saturated Na2HP04 
solution; let stand overnight again; wiish with water sixty times. 
Burn off the precipitate and weigli the zirconium phosphate, 
which contains 38.36 per cent of metallic zirconium. 

If a large amount of iron be presc'iit, this zirconium will 
contain some phosphate of iron whi(;h must be determined by 
fusing the phosphate of Zr again as before with KHSO4, dis- 
solving it in 15 c.c. of cone. 112804; and 200 c.c. of water. This 
solution is put through th(‘ .lones rediictor and the iron titrated 
with standard permanganate. Th(‘ iron so found is calculated 
to ferric phosphate and deduct(‘d from the total phosphates and 
the remainder is calculated to zirconium by use of the factor 
0.3836. 


The Silicon 

The silicon is found by dissolving 0.5 gram of the alloy in 
90 c.c. of 1 : 1 HCl and 60 c.c. of cone. H2SO4 in a porcelain 
dish; evaporate to heavy fumes; cool and dissolvt‘ in 60 c.c. 
of HCl cone.; filter, wash first with dilute HCl and then with 
water; ignite in a platinum crucible; weigh; evaporab^ with 
HF and a few drops of H2SO4; ignite and weigh again; the 
last weight deducted from the first weight giving the silicon by 
difference. • 

The Iron, Aluminum and Titanium 

The combined filtrates and washings from the two phosphate 
precipitations are precipitated with a slight excess of ammonia; 
boiled a few minutes and the combined precipitates are washed 
with water; burned off in a platinum crucible at the lowest red 
heat. ’The igniting of this precipitate at a high red heat renders 
the aluminum less soluble in the subsequent fusion with sodium 
carbonate. This ash is then fused with 15 grams of Na2C03 
at a bright red heat. The fusion is dissolved out with water in 
a platinum dish; filtered; the filter is washed with water. The 
iron and titanium will be on the filter and the most of the alu- 
minum will be in the filtrate and washings. To extract the 
remainder of the Al from the Ti and Fe the filter is ashed at a 
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low heat and again fused; leached out; filtered; washed as 
before with water. This filtrate and washings should contain 
the remainder of the aluminum. If considerable A1 is contained 
in this last filtrate and washings from the Ti and Fe, then the 
latter should be ashed at a low heat and again fused, etc. 

The three sets of filtrates and washings from the sodium 
carbonate fusions are then titrated with 1 : 1 HCl until they are 
just neutral to turmeric paper to precipitate the Al. Each one 
can be titrated separately to note the amount of Al in ea(^h. 
If No. 2 shows very little Al and No. 3 none or only a trace, 
then the operator can be certain that all of the Al has been 
separated from the Ti and Fe. 

The Al precipitates are redissolved off the filters with hot 
1 : 1 HCl; the filters thoroughly washed with water and the 
solution and washings are reprecipitated again with the smallest 
possible excess of ammonia. The reprecipitations should now be 
free of soda salts and can be filtered, washed with ammonium 
nitrate wash until free of chlorine test; the reprecipitated alu- 
minum is then washed; ignited; and weighed as AI2O3 plus some 
phosphoric acid. After the precipitate has been blasted to a 
constant w(Mght it should be fused with Na2C03, at a bright red 
heat; the fusion is then dissolved in HCl evaporated low; con- 
verted to nitrates by two evaporations with 60 c.c. portions of 
cone. HNO3, each time to 10 c.c. or as low as possible, avoiding 
the crystallizing of sodium salts. This solution is then boiled 
with a permanef?t excess of permanganate; cleared with iron 
salt and finished for phosphorus as in steel. 

Calculate the phosphorus so found to PoOr, and deduct the 
amount from the AI2O3 plus P2O5 to obtain the AI2O3, which 
calculate to metal by use of the factor 0.53033. It is also advis- 
able in close work to evaporate th(‘ AI2O3, P2O5 with a little 
HF and 4 or 5 drops of cone. H2S()4 and weigh again before, 
determining the P2O5, as a little silica is almost sure to be gathered 
up from the reagents and glassware in the course of the analysis. 
It should be always borne in mind that any filter papers from which 
aluminum hydroxide has been dissolved should, after thorough 
washing with nitrate wash (5 grams of ammonium nitrate in 500 c.c. 
of distilled water), be ashed and saved as part of the aluminum, 
as aluminum hydroxide is difficult to dissolve and entirely wash 
out of a filter paper. 
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Titanium and Iron 

The residue on the filter from the second or third fusion 
with sodium carbonate to remove the aluminum from the iron, 
titanium; aluminum ash, will contain all of the iron and titanium 
now free of Al. Dissolve this residue off the filter with 30 c.c. 
of cone. HCl diluted with 30 c.v. of water. Pour this acid back 
and forth, hot, over tlie filter until all the residue is completely 
dissolved. Wash the filter thoroup;hly with dilute acid wash and 
then with water. Dilute the filtrate and washinf^s to 200 c.c. 
Divide into two portions, taking one portion for the iron and 
the other for titanium. 

To each portion add 30 (^c. of cone. lIjSOj and evaporate 
them to thick fumes. Add 150 c.c. of water to the iron portion 
and boil until all salts of iron are in solution. With volume still 
at 150 c.c., pass the solution through the zinc reductor slowly 
and titrate it with standard KMnOi for iron in the usmil way. 

The titanium half is made almost ammoniacal and 10 grams 
of hyposulphite of .sodium arc added and hi'atetl; the titanium 
is precipitated; it is filtered off; washed fifty times with sul- 
phurous acid water (5 c.c. of cone. II 2 SO 3 in 500 c.c. of water). 
The titanium precipitate is burned off, and if it is not white it 
is fused with 10 grams of KHSO4. The melt is dis.solved out 
with 30 c.c. of cone. H 2 SO 4 diluted with 150 c.c. of water; made 
neutral with ammonia and again precipitated before by boiling 
with 10 grams of “hypo.” This precipitate is washed; ignited 
and weighed as Ti02, which is calculated to Ti by use of the 
factor 0.60049. 

RESULTS OF ANALYSIS OF SO-CALLED “ NICKEI^ZIRCONIUM ” 


t 

Carbon 

ALLOY 

0 06 

Manganese . 


0 06 

Nickel 


70 30 

Zirconium. . 


7 85 

Aluminum - 


12 98 

Iron 


3 67 

Silicon . . . . . 


4 87 


It will be seen by the above analysis that the true properties 
of zirconiuro uiqkel are far from being demonstrated by such 
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a conglomoration of high and low melting-point elements. It is 
100 per cent more of a nickel-aluminum-silicon alloy than it is a 
nickel-zirconium one 

Te.^t Method, Formulas and Calculations . — The following is a 
convenient mixture to test one’s skill in carrying out the fore- 
going method: 3 grams of nickel ammonium sulphate, 150 grams 
of zirconia “alba,” which is sold as 90.5 per cent Zr02, and 0.045 
gram of aluminum wire assumed to be 99.5 per cent pure. This 
mixture should contain 0.110 gram of Zr, as Zr02 contains 73.89 
per cent Zr. From such a mixture 0. 1 10 gram of Zr was recovered ; 
and when 0.0905 Zr02 were added 0.0984 gram of Zr02 was 
found. In the latter case the zirconium was precipitated from 
a volume of 300 c.c. in the presence of 7 c.c. of free cone. H2SO4 
with 15 c.c. of a saturated solution of sodium-hydrogen phosphate. 
The zirconium, when precipitated in the presence of considerable 
iron, will carry out considerable iron as phosphate, even after 
reprecipitation. After the final weighing as phosphate the iron 
is determined and deducted as already described. Assuming 
that the iron is present as phosphate, FeP04, which contains 
37.00 per cent of metallic iron, then the iron found by passing 
the dissolved zirconium phosphate through the reductor is divided 
by 0.37 and the amount of phosphate of iron so foiind is deducted 
from the weight of the impure zirconium phosphate giving the 
weight of the iron-free phosphate of zirconium. 

The metaphoj^phate of zirconium so obtained is given as 
5Zr02, 4P2O5, when ignited; and unignited is given as including 
8H2O. The ignited salt would therefore contain 51.88 per cent 
Zr02 or 38.36 per cent Zr. Dr. W. F. Hillibrand gives as refer- 
ence, Gmelin-Krauts Handbuch d. anorganischen Chemie, II, 
1, p. 703. 

The Analysis of Ferro-Zirconium and Zirconium Steel 
FOR Zirconium 

The following method is given so r;S to apply even when much 
chromium and tungsten are present: 

Digest 1 gram of steel or 0.5 gram of ferro-zirconium with 
50 c.c. of 1:3 sulphuric acid until action ceases; add 50 c.c. 
of 1.20 HNO3 and take to fumes of SO3; cool; add 60 c.c. of 
1.20 nitric acid and take to fumes again; cool; add 100 c.c. 

See also page 191. 
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of I : 1 HCl and boil for ten minutes; add a paper pulp and 
filter into a 600 c.c. beaker. Wash well with 1:30 HCl until 
the washings give no iron test; then wash twenty times with 
water. Hold the filtrate and wash the tlingsten residue on the 
filter paper with ammonia water. During this washing with 
ammonia’ water, stir up the pulp on the filter well, turning the 
same completely over. After the yellow color is all gone from 
the filter, it should be washed many times more to insure the 
perfect removal of the tungsten salt. This will re^quire at least 
sixty washings with frequent turning over of the pulp mass on the 
filter. As the washed filter and pulp may contain some of the 
Zr, it is burned with the main Zr phos|)hate precipitate 
obtained from the main iron and chromium filtrate from the 
tungstic acid in the following manner: 

This filtrate and washings containing the main Fe, Zr, and 
Cr are taken to fumes after adding 50 c.c. of 1 : 3 H2SO4. The 
residue in the dish is dissolved in 100 c.c. of water with heat 
and then made faintly but distinctly ammoniacal; add exactly 
4 c.c. of cone. H2S()4; stir until all of the ])recipitate obtained 
with ammonia is dissolved, then add 15 c.c. of a saturated solution 
of Na2HP04 and then 300 c.c. of water and let stand overnight. 

The precipitate of zirconium phosphate* so obtained should 
bo washed well with water; burneei e)ff with the filter and pulp 
remaining after the removal of the tungstic acid with ammonia 
wash. The ash should contain the total zirconium together with 
a little chromium; ash from paper; and some ifon that is always 
retained as phosphate. Weigh the total ash after blasting five 
or six minutes. Add to this weighed ash 3 drops of 1 : 3 H2SO4 
for steel (in case of a ferro-zirconium, add eiiough sulphuric acid 
to thoroughly moisten the ash) and 15 c.c. of HFl. Heat and 
evaporate to dryness; ignite and weigh. The weight at this 
point equals Zr and a little Fe. Then fuse the weighed Zr plus 
Fe residue with 15 grams KH8O4; dissolve in 200 c.c. of water 
and 20 c.c. cone. H2SO4; take to fumes of SO3; cool; add 100 c.c. 
of water; boil; and cool again. Run the solution slowly through 
the zinc reductor which will reduce the iron but not the zir- 
conium. Titrate the iron with standard permanganate; calcu- 
late the metallic iron so found to ferric phosphate by dividing its 
weight by the factor 0.37 ; deduct the amount of ferric phosphate 
so found from the total weights of the phosphates of Fe and Zr. 
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Calculate the remainder to Zr by multiplying by the factor 
0.3836 (5Zr02, 4 P 2 O 5 ). 

Test Mixtures . — To test one’s manipulations, 0.020 gram of 
Zr02 can be fused with* 5 grams of KHSO 4 ; dissolved as already 
described and the solution is added to the H 2 S ()4 solution of 
the steel or if a ferro-zirconium is being analyzed a correspondingly 
larger amount of the zirconia alba can be used and added 
to the sulphuric solution of a plain steel. When larger amounts 
of zin^oniurn, iron, and chromium are to be separated, con- 
siderable free acid is ne(;essary to keep back the iron and 
chromium. For example, it was lu'cessary in one case to add 
as mu(;h as 15 c.c. of free cone. H 2 S ()4 in a 600 c.c. volume 
to hold back a big pr(‘cipitat(‘ of iron from coming down with the 
zirconium. Even with this large amount of free acid some iron 
phosphate was found with tlu^ zin^onium phosphate. 

By the above imdhod the following recoveries were made 
from a high tungsten-chromium steel: 


Amount of ZiOi 

\.l(l0(| 

\mouiit of Z 1 O 2 
Kouml 

0 0149 gram 

0 013.") gram 

0 01 43 gram 

0 0143 gram 

0 01 4 4 gram 

0 0142 gram 

0 0297 gram 

0 0290 gram 


RECOVERliL'S FROM PLAIN STEEL— NO Cr PRESENT 


Aiuouiit of Fiisctl ZrOj 

.\mouiit of ZrOj 

A(UI.h1 

Found 

0 0199 gram 

0 0190 gram 

0 00186 gram 

0 00190 gram 


(See Rapid Method Using Ammonia. Page 191) 


Silicon 

Fuse at a low heat 0.6 gram with mixture of 3 grams of sodium 
carbonate and 6 grams peroxide in an iron crucible. Heat until 
all is melted; about five or six minutes is enough. Longer 
heating only causes the iron crucible to be heayily cut. Dissolve 
fusion out in water; clean the crucible with a little acid, acidulate 
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water solution of fusion with excess HCl and heat until all iron 
is in solution. Add 45 c.c. of cone. II2SO4 and evaporate it to 
heavy fumes of SOa. C'ool, and then add some water and heat 
it again till all iron is dissolved; add a little sulphuric acid if 
necessary. 

Filter off silicon; wash it free of iron with a suli)huric wash; 
smoke off the paper and heat until residue is white. Weigh, 
then evaporate the ash with HF and suliihurii; acid to fumes; 
heat to redness and weigh again. Loss of weight less blank from 
reagents equals the silicon. 


Zirconium 

Warm in the platinum crucible m which the silicon was evap- 
orated a few drops of 1 : I HCI to dissolvi' any trace of iron 
left therein and add this solution to silicon filtrate, ('oncentrate 
the latter to remove excess of free acid; peroxidize with sodium 
peroxide and finish as for zirconium in plain steel. 

When zirconium only is asked for weigh 0.5 gram of sample 
in a platinum dish; add slowly 15 c.c. of HF; warm it for a 
while; then add cone. HNOa a hav drops at a time till action 
ceases. Add 10 c.c. cone. H2S()4 and take it to heavy fumes of 
SO3. Cool it, add water, and heat it again till iron is dissolved. 
Transfer to a 600 c.c. beaker and finish as in plain zirconium 
steel. 



CHAPTER VII 
Part III 

THE QUANTITATIVE SEPARATION OF ZIRCONIA FROM IRON, 

TITANIUM, ALUMINUM, AND SILICA AND THE ANALYSIS 

OF CRUDE ZIRCONIA ( ZIRKITE) 

Weigh 0.3 or 0.4 gram of the finely ground mineral; and fuse 
it with 15 grams Na 2 C 03 in which has been thoroughly mixed 
0.5 gram of KNO 3 . Keep the mass in a molten condition for 
twenty minutes; cool; dissolve out the melt in water; transfer 
from the platinum dish to porcelain; add 50 c.c. of cone. HCl, 
or enough to make the solution acid; boil off the CO 2 with the 
vessel covered; add 60 c.c. of 1 : 3 H 2 SO 4 ; evaporate to thick 
fumes of SO 3 . Cool; add 100 c.c. of water; heat until all salts 
are in solution; filter and wash with 1 : 40 H 2 SO 4 about fifty 
times. 

Place the residue on the filter in a platinum crucible; smoke 
off the paper and^heat until all of the filter is gone; weigh; add 
15 c.c. HF and 10 drops of cone. H2SO4 to remove the silica 
by evaporating. Remove the excess of the HF and H2SO4; 
heat to redness; cool and weigh; calculate the loss of weight as 
usual to silica. The residue should be again treated with some 
hydrofluoric and sulphuric acids; evaporated; ignited and 
weighed to insure the complete removal of all of the silica. 

The residue left in the crucible after the complete removal 
of the silica is fused with 3 or 4 grams of KHSO4; dissolved 
out in water and the solution is combined with the main filtrate 
from the crude silica. Add a slight excess of ammonia and then 
add 10 c.c. 1 : 3 H2SO4. Precipitate from this acid solution, 
which should have a volume at this point of 500 c.c. the zirconia 
as phosphate, using 20 c.c. of a saturated solution of di-sodium 
phosphate, and 20 drops of H2O2. Let stand overnight; wash 
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about twenty times with water. The filtrate should contain 
most of the iron, aluminum, titanium, and manj?anese. To 
insure a complete separation of the zirconium, the zin‘onium 
phosphate, after ignition in a platinunf crucible, is fused with 
10 grams of KHSOj until a (‘l(‘nr nu'lt is obt aim'd, nu'lt is 

dissolved out in water, ddie solution is made slightly ammoniacal; 
and then 10 c.c. of 1:3 sulphuric acid are added. The zir- 
conium is then reprecipitatcd as phosphate as before; filtered; 
and washed thoroughly. It is now free of iron, titanium, etc. 
It is burned off and weighed as pure phosphate of zin^onium 
which weight is calculated to ZrO^ by use of the fjuitor 0.519. 
The phosphate precipitation is made in a volume of 600 c.c. 
The zirconium phosphate .should be washed at U'ast sixty times 
with water to insure the removal of t,h(' excess of the pre(!i]utant. 
All of the Fe, Ti, Al, Mn are contained in the two sets of filtrates 
and washings from the two precipitations of the zirconium phos- 
phate. To these filtrates add a slight ex(‘('ss of ammonia which 
will precipitate the iron, aluminum, and titanium. Heat to boil- 
ing for five minutes; filter wash thoroughly with water; burn 
off in a platinum crucible at a lotv red heat. Do not ignite, as 
it will render the aluminum more difficult to fuse. Fuse the resi- 
due in the crucible with twenty times its weight of sodium car- 
bonate. Dissolve the melt in wati'r; filter out the watia-insoluble 
residue; wash it with water containing 5 grams of sodium carbo- 
nate per 500 c.c. Roast out the paper from this residue; fuse 
it; dissolve it out in water as before'; filter it^, wash; and render 
the two sets of filtrates neutral to turmeric paper as described 
on page 195. The aluminum is then finished as described on 
page 196. Burn off the iron and titanium residue remaining after 
the removal of the aluminum by two fusions with sodium car- 
bonate and the leaching out with water. Fuse th(‘ ash with 
sodium carbonate; dissolve out in water; acidulate with HCl; 
heat Until all CO2 is gone; transfer the ch'ar solution to a 250 c.c. 
volumetric flask; dilute to the mark; evaporate one portion 
(125 c.c.) to thick fumes with 20 c.c. of 1 : 3 H2SOJ; add 100 c.c. 
of water and heat until all but floating matter, if any, is dis- 
solved; dilute to 400 c.c.; add a slight excess of ammonia; then 
add 2 or 3 c.c. of 1 : 3 H2SO4 (slight excess). Then add 10 grams 
of N2S2O3; boil thirty minutes and finish for titanium as de- 
scribed on page 51 for titanium. Multiply the weight of Ti02 
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so obtained l)y two to obtain the amount of it present in the 
original weight of sample taken for the analysis. 

The other 125 o.c. of the solution of iron and titanium is 
reduced by stannous chloride as described on page 443 for Iron. 


RESULTS OBTAINED ON KNOWN MIXTURES 


Added Orams of ZrOx 

Added gram of 0 297 Zr( >2 
Added gram of 0 014 Fe.Os 
Added gram of 0 0186 AtiOa 
Added gram of 0 0099 ''ri 02 


P'oond CraniH of ZrOj 

Found gram of 0 294 ZrOz 
Found gram of 0 0128 Pe 203 
Found gram of 0 0183 AI 2 O 3 
Found gram of 0 0094 TiO: 


RESULTS OBTAINED FROM A SAMPLE OF CRUDE ZIRCONIA 

72 2.5 ZrOj; 4 40 FejOai 2 35 AI 2 O 3 ; 2 05 T 1 O 2 ; 

16.00 S 1 O 2 ; 0 64 MnOi; 1 73 ignition; 0 87 CO 2 . 
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Part I 

COPPER IN STEEL AND PIG IRON 

Dissolve 15 grams of drillings in c (*. of 1.20 nitric acid 
in an 800 c.c. beakiM*. Hi‘at until all action c(‘as(\s. Add an 
excess of KMn 04 solution of the sam(‘ strength as used for phos- 
phorus in steels. Boil gently for tliirty minut(‘s. If th(‘ KMnOi 
disappears during the boiling, add more of it. Steels require 
from 4 to 8 c.c. and pig iron from 25 to 30 c.c. of the j)ermanga- 
nate solution. 

In pig iron add 5 c.c. of hydrofluorii^ ai^id before boiling with 
permanganate of potash. Heat ten minut(‘s. Thtai boil with 
the KMn 04 solution. 

After boiling the pig iron or st(H‘l witli jK'rmanganate solution, 
add enough wet pulp to n(‘aiiy fill a 50 c.c. graduatc'd cylinder. 
Filter through double 12 (nn. lilt (‘rs into an (SOO c.c. Ix'aker. Wash 
the pulp, etc., partly free from iron with a dilute nitric acid wash 
consisting of 5 c.c. of 1.20 nitric* acid dilii|,{Hl with 200 c.c. of 
water. This takes about forty washings.* 

To pig iron or stec*! containing from 0.010 to 0.030 {)er (^ent of 
copper, add at this stage 20 c.c. of a solution of potassium ferri- 
cyanide, made by dissolving 5 grams of the crystals in 120 c.c. 
of distilled water. Stir thoroughly and permit the solutions to 
stand. 

If the copper content is unusually high, add 2 c.c. of the 
ferricyanide solution for ev(‘ry milligram of copper supposed to 
be present in the steel. If nickel is present, it is precipitated 
with the copper, but forms more slowly. 

As there is a tendency to form blue cyanide of iron the filt ra- 
tions should be proceeded with in about a half hour. Add as 

* Read near the top of page 208 concerning the addition of ammonia to 
prevent excessive formation of iron cyanide, 
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much paper pulp as in the first filtrations, filter and wash five 
or ten times with water containing 5 c.c. of ferricyanide solution 
per 100 c.c. of distilled water. Use a 15 cm. filter. 

Roast off the pulp iix a porcelain crucible. Dissolve the iron, 
nickel and copper oxides with 5 c.c. of cone, hydrochloric acid. 
Rinse the solution into a 200 c.c. beaker. Dilute to 150 c.c. 
with water and pass H 2 S for a half hour at a rapid rate. This 
removes the copper from nickel and any iron that may have been 
precipitated as cyanide. 

Filter on a small filter; wash twenty times with IDS water. 
Burn the paper in a 45 c.c. porcelain crucible. Dissolve the 
oxide in 20 c.c. 1.20 nitric acid, warming until all black residue 
is dissolved except perhaps an occasional flake of carbon from 
the filter paper. Rinse the solution into a 5 ounce beaker, 
keeping the volume as low as possible for copper of 0.020 per 
cent and under, in order that the blue color with ammonia may 
be distinct. Copper as low as 0.015 per cent gives a distinct 
blue if properly manipulated. Now add a saturated solution of 
sodium carbonate, a little at a time, until a precipitate forms. 
Then add 0.5 c.c. of cone, ammonia. Titration follows with a 
standard solution of potassium cyanide, made by dissolving 
2.244 grams of potassium cyanide and 5 grams of stick potas- 
sium hydroxide in water and diluting to 10(K) c.c. One c.c. of this 
standard should equal about 0.00064 to 0.00069 gram of metallic 
copper. Standardize the solution by adding 10 and 15 mgs. of 
metallic copper of 99.8 per cent Cu to 15 grams of any steel or 
pig iron. Weigh out also two 15 gram portions of this same 
!'t('el or iron, but add no copper to them. Put all four weights 
through the entire operation, titrating each one to the disappear- 
ance of the blue as given under “Titration.’’ 

Titration . — Place a 5 ounce beaker containing distilled water 
beside the one containing the copper to be tested. Add the 
cyanide standard to the test until it is as free from even a slight 
blue tint as the beaker of distilled water. 

This method has been tested with known amounts of copper 
added to steels, and with steels standardized by the old standard 
methods. It is much more rapid, and re.sults check very satis- 
factorily. Filtrations might be hastened by using pulp filters on 
porcelain plates and applying slight suction. 
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CALCULATIONS 

Pig Iron Sample. 

(1) 16 0 second readiiiB; of burette. 

7 0 first reading of burette. 

•8 1 equals c c. of standard used. 

No copper added. 

(2) tS 0 

15 mgs. copper added 1(> 2 

dl 8 equals c c. of standard used. 

(3) 10 mgs. copper added 23 (» 

0 0 

23 f> (Mpials <• c of standard used. 

(4) 31 8 — 8 I equals c c. of standard used by 15 ings Cu, 

(5) 23 6 — 8 1 equals c c of standard us<'d by 10 mgs. ('ii. 

(6) From (4) we have 15 — 23 7=0 632, or 1 c.c. of cyanide equals 

0 000632 gram Cu. (0 308 X 15 ^23 7.) 

(7) From (5) we have lO-f-15 5 = 0 613, or 1 c c. of cyanide equals 

0 000643 grams Cu. (0 008 X 10 ^ 1 5 5 ) ^ 

(8) From (1) we have 8 1X0 OOOOl 15 X 100 = 0 0315, or 0 0315 per 
cent copper m the sample of pig iron, 15 grams having been taken for analysis. 

Qualitative Value, — With 2 grants of sample as little as 0.1 
per cent of copper gives a very noticeable yellowish cloud when 
the potassium ferricyanide is addtal to a solution of steel treated 
as described. Hence the method affords a raftid (pialitative test 
for the presence of copper in sufficient quantity to be injurious 
(0.05 per cent and over) for most {turposes^for whitdi fine tool 
steel is used. The operator can easily (h'cide whether the pre- 
cipitate is copper or nickel. If it is (topper, tlu; precipitation is 
almost instantaneous. If it is nickel, the n'action is noticeably 
slower and the precipitate is of a brown color, closely resembling 
that of iron hydroxide. A yellowish cloud, forming, at once, 
on the addition of the first c.c. of the precipitant, is characteristic 
of copper. If this be followed by a more slowly forming brown 
precipitate,* then both elements are present. Many makers of 
tool steel insist that the copper content of best tool steel be 
under 0.02 per cent. Several steels doing fine work, however, 
have been analyzed by the author and found to contain copper 
greatly in excess of this limit. It is largely a question of what 
sort of a tool is to be made from the steel. 

• Add at least 20 C.C, of the ferricyanide when testing for nickel. 
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The tendency to form blue ferricyanides of iron on adding 
potassium ferricyanide to ferric solutions, the author has found 
can be eliminated sufficifutly to prevent serious clogging of filters, 
by keeping the iron solution somewhat neutral, after first boiling 
it with an excess of permanganate solution and filtering, out the 
excess of mangan(‘se oxide. After removing the latter by filtra- 
tion, add 1 : I ammonia until the hydroxide of iron dissolves 
rather slowly.* Then add the ferri(\yanidc and proceed as 
already dt^scribed. Keep the solution still quite acid. 

As the copper ferri(!yanide prccipitab's almost instantly, form- 
ing a very considerable cloud of yellowish precipitate even with 
O.Od per (^ent (H){)per, it is very finely divided, and has a tendency 
to run through tlu^ filter. The first portion that is filtered should 
be poured bac^k on the pap(‘r until it runs through clear. Then 
pro(^eed with the filtration. Stand the main filtr:it(' aside when 
washing begins, <ind, should the latter be cloudy, filter with a 
little pulp on a small filter and add it to the main precipitate, f 

When precipitating a large (juantity + of copper by this 
method — for example, 60 or 100 milligrams — the somewhat acid 
solution should be largely diluted, making th(' volume from 
about 800 c.c. before adding th(' precipitant. (See Separation 
of Copper and Nickel from Vanadium by Ferricyanide of Potas- 

* Do not carry the neutralization too far as in nearly neutral solutions the 
nickel and copper precipitate very slowly with the ferricyanide. 

t Pay no attention 'V.o any clouding of the filtrate that may occur after the 
latter has stood for .some time. 

I The foregoing met hod is e.specially useful for very small per cents of Cu 
and Ni. i.e., 0.100 down to 0.005 per cent, as from 15 to 20 grams of sample 
can be taken For higher per cents it is easier to weigh out from 1 to 3 grams 
of plain carbon steel; dissolve in 1 : 1 HCl and pass at once. Then finish 
as in the ferricyanide method from the point where H^S was passed through 
the solution of the copper and iron oxides. Examine all insoluble residues 
for Cu. 

The ferricyanide method is the best for high-speed steels. See page 212, 
the bottom paragraph. 

For accurate work all insoluble residue from steel dissolved in sulphuric 
or hydrochloric acids should be examined for copper by filtering the same 
out; washing it; igniting it; fusing with twenty times its weight of sodium 
carbonate and twice its weight of niter in a platinum crucible. The fusion 
is dissolved out in water; transferred to a beaker acidulated with an excess 
of HCl; evaporated low and added to the mam solution of the sample before 
saturating it with US. The insoluble residues are almost certain to contain 
part of the copper. 
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sium.) It is better to precipitate such large amounts of copper 
with H 2 S. 

Small Amounts of Copper and Nickel in Steel and Iron. — 

When analyzing steel, iron, (‘tc., for c(W)per, do not carry the 
neutralization, given on ])ag(‘ 208, too far, as in nearly lunitral 
solutions, small amounts of nicki'l ferricyanide preci|)itate very 
slowly, and the precipitation of the copp(er ferricyanide is also 
delayed. 

The method described for copper on pages 200 to 207 is designed 
for small amounts of cop|MT, that is, for j)('rc(‘ntag(‘s ranging 
from 0.100 to 0.00 1 and for eciually low ))(‘r lamts of nickel. If 
nickel in .such small p(‘r taaits is ask(Ml for, giT tlu' fcMricyanide 
precipitates of the nickel and (u)p)x‘r together in the same way as 
directed on pages 200 to 207 using 15 grams of sample and the 
same method of solution as given for copper m stec'l, S(‘para1- 
ing the nickel from the copper and determining it as given on 
pages 210 to 212. 

Large Amounts of Copper in Plain and Alloy Steels.— If the 

percentage of copper exceeds 0.100 per cemt, then dissolve but 
1 or 2 grams of the sample, and proce(‘d as described. If the 
sample is an alloy steel, then it is necessary to de(a)mj)ose the 
same in the manner given for chromium tungsten steel on pages 
5 to 7, whether the amount of coppia* be larger or small. If the 
amount is small then 15 grams should be takiai for the analysis 
and a proportionate amount of sulphuric a(ud followed by jin 
equal amount of the 1.20 nitric acid, thatTs, 2(X) c.c. of the 
1 : 3 sulphuric acid; and aft(‘r tlu* action of this acid is over, 
aided by heating for a half hour, tluai 200 c.c. of th(‘ 1.20 nitric 
acid are added and the analysis is hnished as for copper in plain 
carbon steel. 



CHAPTER VIII 
Part II 

SEPARATION OF NICKEL AND COPPER FROM IRON AND 
VANADIUM BY POTASSIUM FERRICYANIDE 

Pro(t.ed as outlined for copper in steel, except smaller weights 
of sample are usually re(piired. 

For nickel and copper in ferro-vanadium dissolve 1 or 2 
grams of sample, using 30 o.c. of 1.20 nitric acid for each gram. 
If the ferro is high in silicon, carbon and aluminum, and for this 
reason only partly soluble in nitric acid, add a few c.c. of hydro- 
fluoric acid to the solution after action with nitric acid is over. 
Heat until all metallic or gritty particles are in solution. Or 
the insoluble part can be broken up by a sodium carbonate and 
niter fusion; dissolved in hydrochloric acid; the latter removed 
by evaporation to fumes with sulphuric acid; the sulphate dis- 
solved in water and returned to the main solution. Then boil 
the latter with an excess of permanganate solution; filter out 
the manganese oxitle as described under Copper in Steel. To the 
filtrate and washings 1 : 1 ammonia is added until a slight pre- 
eij)itate of hydroxide is obtained that dissolves slowly. The 
copper and nickel are precii)itated with potassium ferricyanide 
as in Copper in Steel, Large amounts of nickel — i.e., from 
0.025 to 0.050 gram — precipitate quickly, but smaller quantities 
should be permitted to settle for one hour before filtering. It 
is best to let all nickel tests stand at least one hour. Add as 
much paper pulp from ashless filters as will nearly fill a 15 cm. 
filter. The precipitate and pulp are filtered out; washed a few 
times; dried; ignited in a large porcelain crucible; the ash 
transferred to a 6 ounce beaker; dissolved in 30 c.c. of aqua 
regia. Clean the crucibles with 10 c.c. of the latter and add 
the cleanings to the main part. (Nickel oxide dissolves with 
some difficulty, requiring considerable heating.) 50 c.c. 1 : 3 
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sulphuric acid are added to the solution; evaporated to 12 c.c.; 
diluted to 300 c.c.; the copper is precipitated with H 2 S; filtered 
out and wiushed thoroughly with H 2 S water and finished as in 
steels. The filtrates and washings fron? the H 2 S precipitation 
will contain all of the nickel and a little iron. Evaporate this 
filtrate aRd washings to 50 c.c., and add 30 c.c. of cone, nitric 
a(!id to oxidize the iron and destroy any remnant of the H 2 S. 
Heat with a cover on the dish until all action is over. Then 
remove the cover, cool, add 30 c.(\ 1 : 3 sulpliuric acid and evap- 
orate until slight fumes of sulphuric anhydride are obtained. 
Cool; add 50 c.c. of water; and filter into a (JOO c.c. beaker. Add 
10 grams of citric acid; make faintly ammoniacial; cool and 
titrate the nicjkel with potassium cyanide. (See the author’s 
modified cyanid(‘ method for Nick(‘l in Steel, page 220.) 

If it is d(‘sired to d(‘t(‘rmin(‘ a very small (piantity of nickel 
in steel, about 0.3 })er cent and under, weigh 10 or 15 grams of 
sample and proceed as outlined, getting the ni(^kel and the copper 
from the one analysis. If the nickel content is likely to be under 
0. 1 per cent, it is convemient to use 10 grams of sample. If it 
is in excess of 0.2 per cemt, it is best to use 5 grams. The pre- 
cipitate requires that considerable pa[K‘r pulp be mixed with it 
to secure rapid filtrations. Wash the pulp, (‘t(*., five times with 
water containing a drop of sulphuric acid and 5 c.c. of the ferri- 
(lyanide solution p(‘r 100 c.i;. of water. As the precipitate has a 
tcmdency, at times, to run through the filter when first i)oured 
on it, this first i)ortion of the filtrates is relilte.^id until it is clear. 
When filtiM'ing large precifiitates, such as would be obtained 
from 50 mgs. of nickel, it is expedient to use two funnels to 
hasten matters. Niirkc'l up to 50 mgs. from a 5 gram weight of 
sample, or 10 mgs. of nii^kcd from 10 grams of sample, can be 
conveniently precipitated from a volume of 500 c.c. For large 
amounts of nickel in st(‘(‘l, — i.e., 0.50 per ceiit and over, - the 
foregoing method is not luuirly so rapid as the one described on 
pages 220 to 234, but for minute (|uantili(‘S, or when^ it is neces- 
sary to remove the bulk of the iron or tin* vanadium (much 
vanadium in solution gives ammoniacal citrates of an almost 
greenish black color,* greatly interfering in the method just 
referred to), it is a useful pn^lirninary to the cyanide titration. 
There would seem to be no reason why the ferricyanide could 
* Read page 32. 
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not be applied, with suitable modifications, to the determination 
of copper and nickel in ferro-manganese, chrome and other ferros 
and metals that are not preci|)itated by this useful reagent 
(notably aluminum) ik acid solution. Manganese is precipitated 
by the ferricyanidc in neutral or slightly amnioniacal solution as 
quickly as are copper, nickel, and zinc in slightly acid solution. 
(See the author's method for all percentages of manganese, 
page 69.) 

By the above process the copper and nickel cati be determined, 
quantitatively, in the same analysis with the chromium and the 
vanadium when the copper do(\s not greatly exceed 0.25 per cent: 
Two grams are taken for the analysis. The nickel and copper 
ferricyanides an? filtered out after the regular titrations have 
been made for V and Cr. Of course no time must be lost in 
making the vamadium part of the titration, as copper soon clouds 
the solution after the addition of the ferricyanide. The author 
uses this scheme to get Cr, V, Ni and Cu from the one analysis. 
In such cases the titrated solution is allowed to stand a half 
hour before filtering. If brown nickel feri'icyanide begins to 
appear, 40 or more c.c. of potassium ferricyanide are added and 
filtration is delayed for an hour. 



CIIAPTKU VIII 
Paut III 

COPPER IN METALLIC COPPER VOLUMETRIC 

The author regards the following eyanide titration as a simple 
and rapid nuithod for th(‘ nssay of nu'tallic. eopix'r. Scarci'ly 
any element interferes that eannot be nanoved by pri'eipitation 
with Hi>S in hydroehlorie arid solution. If carried out, with 
proper attention to details, then' is no more accurab? volumet ric 
method in commer(*ial use. It is essential that tlu' ])otassium 
cyanide be stamlardized with metallic copp('r of known co[)f)er 
content, or by some re(a-ystallized c.p. salt of copper. The 
metal is preferable, and is put through every analytical detail 
that is applied to the analysis of the test. 

Operate with 0.5 gram of th(* b'st and of the standard copper 
drillings, running both stand:irdizations and tests [)arall('l with 
each other. Use coppi'r of 09. S per ci'nt purity for standard- 
izing. The drillings are ilissolvi'd m 10 c.c. 1.20 nitric acid, 
evaporated to 5 c.c., tilb'red from any tin, ('t(a;*the filti'r washed 
with water containing a little nitric acid. The filtrate and 
washings arc evaixirated to fumes with 20 v.v. I : 2 sulphuric 
acid. The copper sulphate is dissolved in water. Any lead is 
removed by filtration and washed with water containing a little 
sulphuric acid. Hydrogen sulphide is then passed through the 
filtrate, in a volume of 400 c.c., with 5 c.c, exitess of 1 : 1 hydro- 
chloric acid for every 1(K) c.c. of water, until the copper has 
completely separated in hot solution. Filter. Wash with H^S 
water. Return filter and all to the beaker. Add 50 c.c. of 1.20 
nitric acid. Give standardizations and test the same excess of 
acid. Warm with a cover on until copper sulphide is dissolved. 
Filter out pulp. Wash thoroughly with water containing a 
little 1.20 nitric acid. Ignite the pulp; dissolve the residue in 
1.20 nitric acid; add the solution to the filtrate and washings; 
evaporate to 20 c.c. ^ Add 1.5 grams of citric acid and a slight 
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excess of sodium carbonate. Use a saturated, filtered solution 
of the carbonate and add it until effervescence ceases entirely. 
Titrate the clear blue solution with a standard of potassium 
cyanide made by dissolving 22.434 grams of the best cyanide 
together with 5 grams of potassium hydroxide in distilled water 
and diluting to 1 liter. One c.c. of this standard usually equals 
about 0.00635 gram of copper; but this value should always 
be fixed by the operator himself, in the manner just outlined. 
The following modification removes un(;ertainty as to the end- 
point when titrating large amounts of copper. Add the potas- 
sium cyanide as usual until the blue color is almost gone. Follow 
with additions of a cyanide standard of one-fifth strength until 
all blue tint has disappeared.* Tlnai add 2 c.c. of a 20 per (;ent 
solution of potassium iodide in water; then silver nitrate standard 
until a slight cloud of silver iodide is formed as in Nickel in 
Steel. (Chapter IX.) Now add about 10 (^.c. excess of this 
dilute cyanide standard. Again add the silver nitrate standard 
until a slight milkiness is produced in the solution; 2.925 grams 
of silver nitrate are dissolved in water and diluted to 500 c.c. 
for this work. 

Standardization— 0.500 gram of copper drillings of 
99.8 per cent purity were taken, and that after putting this 
metal through all of the foregoing analytical operations the 
following data were obtained: 

First, the concentrated cyanide standard required to nearly 
discharge the blue color equals 76.9 c.c. 

Second, the one-fifth cyanide standard required to entirely 
discharge the blue equals 26.8. 

Third, the silver nitrate solution needed to produce a slight 
milkiness in the solution, after the blue color was entirely gone, 
equals 13.6 c.c. 

Fourth, 8.3 c.c. of silver nitrate were used to produce a cloud- 
iness, again, after the addition of 11.3 c.c. of the one-fifth cyanide 
standard in excess, or 1 c.c. of AgN 03 = 11.3-^8.3, or 1.36 c.c. 
of the one-fifth cyanide standard. 

Now wait for thirty minutes to one hour to give the KCN and the copper 
time to completely react together before adding the KI and silver nitrate to 
get the excess of KCN. This should be done because the blue color of the 
copper disappears long before the copper and the KCN have entirely ceased to 
combine. 
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Fifth, therefore 20.8— (13.0 X 1.36) = 8.3, or the amount of 
one-fifth cyanide used in reaction with the copj>er, or 1.66 c.c. 
of cone, cyanide to be added to 76.9, or a total of 78.56 c.c. of 
cone. KCN required to combine with the ^.500 gram of 99.8 per 
cent pure copper. Hence I c.c. of the concentrated cyanide 
standard ‘equals 0.499 -r- 78.56 = 0.00635, or 1 c.c. = 0.00635 gram 
of copper.* 

Mr. R. M. Clarke of this laboratory suggested that it might 
be an advantage to use silver nitrate to obtain a more exact 
end-point instead of relying on tlu^ di.sappearance of the blue. 
The analytical details are the author's. 

Further Details ~{a) Stir th(‘ copi)er sulphide into small 
particles before heating it with tlu‘ 1.20 nitric a(‘id, or an insoluble 
black lump may form. Tluai heat very gc'iitly at first, lu'cp 
the temperature considerably below 100*^ ('. at all times to pre- 
vent occlusion of some of the copper sulphid(‘ by th(‘ liberated 
sulphur, and the formation of a black insoluble residue. Pay no 
attention to any milkiness that may api)ear when the nitric aciil 
solution of the pulp ash is added to the nitric solution of the 
main sulphide. 

(6) The titration can be accurately accomplished, omitting 
the one-fifth cyanide standard: Add the concentrated standard 
until the blue is entirely g('ne.t Then add i\\a Kl indicator 
and follow with the silver nitrab^ until a very slight permanent 
cloudiness occurs. Next dro)) into tlu; bt^aker an excess of 5 c.c. 
of the cone, cyanide. Again add the silver nitrate until a very 
faint milkiness is once more apparent that does not disappear 
after 15 seconds stirring. 

(c) Further, it is quite important to add the cyanide, while 
discharging the blue color, very slowly when the latter begins to 
fade: Add the standard 3 drops at a time; then stir vigorously 
for twenty seconds. If the blue is not all gone, add 3 drops 
more and stir again for a period of twenty seconds. By pro- 
ceeding in this way and making the titrations in small volumes 
— beginning with a volume of not over 100 c.c. the disappear- 
ance of the blue affords an accurste end-point but more expe- 

♦ The author uses one-half this strength, or 1 c.c. equals 0.003175 gram 
of copper. A> 100 c.c. burette, graduated to c.c., is the best adapted to 
this method. 

t Then pause for at least thirty minutes before addmg the KL 
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rience and judgment is required than when using the cyanide 
and “silver’' scheme. After thus carefully removing the blue 
tint proceed to determine the actual cyanide used by means of 
titration (b). 

Calculations. — (1) 0.500 gram of copper required 84.2 c.c. of 
the concentrated cyanide to just discharge the blue. 

(2) 24.8 c.(!. of the AgNOa standard were required to produce 
the first faint cloudiness. 

(8) 21.9 c.c. of AgNOa were needed to produce the second 
faint cloud after the addition of 5 c.c. excess of the cone. KCN. 
TluTcfore 21.9-^5 = 4.88, or 1 c.c. of the cyanide equals 4.88 c.c. 
of the silv(M‘ nit.rat(‘ sLindard. 

(4) From (2) and (8) we have 24.8 ^4.88 = 5. Ob, or the excess 
of th(^ cyanide standard in th(‘ solution. From (1) 84.2 — 5.69 = 
78.54, or the number of c.c. of the cyanide re(pured to combine 
with the 0.500 gram of coi)pt‘r. There is always an excess of 
the cyanide when lh(^ blue (H)]or is gone, but the rea(;tion between 
th(i (!oppcr and the KFN is not usually (‘ompleted tor at least 
thirty minutes after the disappearance of the blue. 

Titration of C’ofpkr in tiif Phksence of Other 

Me'I'AES 

If the solution contains 8 grams of citri(‘ acid and a moderate 
excess of the sodium carbonate, 0.500 gram of (‘opper can be 
accurately titrated in the presenci' of 0.100 gram of zinc, or iron, 
or 0.050 gram of lead: The citric acid is added to the nitric 
solution of the metals; then the carbonate until effervescence 
ceases, and 5 c.c. in excess. The volume before titration should 
be about 100 c.c. When much iron is present the alkaline solu- 
tion is a dark green. The cyanide standard is added until the 
green is gone anti the clear amber color of the citrate of iron 
appears. Then determine the excess of the cyanide as usual. 

As much as 0.100 grams of arsenic can be present without 
having the slightest effect. 

The author made entirely successful titrations of 0.500 gram 
of copper dissolving with it 0.200 gram of antimony; also in 
the presence of 0.100 gram of cadmium. This end-point given 
by the disappearance of bluish tints from the white antimony 
oxides and cadmium carbonate was noted. The end-point was 
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obtained as in (c). The j^reeipitates were then rtanoved by 
filtration through double filters, and tlu' excess of (wanide was 
deterinined in the filtrate and washings in the usual way with 
silver nitrate. The precipitates had to In' poured through the 
filters several times to secure ch‘ar filtrates. The pr(‘cij)itat('s 
were washed ten times with dilute' sodium carbonate wati'i*. 

When titrating eoppe'r in tlie pre-sence of ().2()() gram of bis- 
muth the disappearance* of the* blue* was taken as the enel-point, 
as the basic bismuth eTiueleal the seilution. With but 0.100 gram 
of bismuth in solutie)n the*, e'ntire*, titiatiein, as outline'el in (b), 
w\as successfully carrie^el threeugh be'feere* the se)lutie)n w’as per- 
ceptibly clouded. 

Large (|uantitie^s e'lf mangane'se inte'ife're with the titration of 
copper only in so far as elark-e-eileinnf sohitieins are* feirme'el when 
the cyaniele is aelek'el, thereby eibseairmg seime'what the enel-point 
between the cyanielei anel the “silve'i* nitrate'.” iMeire e-itric acid 
is requireel. AeleJ to the stanelardization abeiut as much man- 
ganese as there is likely to be in the* e*oppe'r that is tei be assayed. 
Use at least G grams eif e'itrie* ae-iel pe'r 0.200 gram eif Mn. 

PiiEe iPiTATieiN in Aia mini'M 

When using this we'll-kimwn metlmei eine* earn jireiceM'el as at 
first elescribed until the* hltiate* anel washings fiaim the haul sul- 
phate are obtained. Iwaporate' the feirme'r to 20 c.ea; add 
10 c.c. 1 : 3 sulphurie^ acid anel a pie'ce* eif aruminum Ll ineLes 
square by inch thick. Heat luairly to healing for thirty minutes, 
or until the seilution is eadorle'ss. Re'iimve the aluminum and 
decant the seilution through a 0 cm. filte'r; wash the filter fifte^en 
times with water containing a fe'w elrops ol 1 : 3 112 ^ 04 . Return 
the filter to the 150 c.c. beaker in which the precipitation was 
made. 

The filtrate and washings from the metallic cop])er should be 
tested with H 2 S and, if a brown coloration is obtained, continue 
to pass the gas until the small preiapitate of copper collects. 
Filter it out; wash it with H 2 S water containing a drop or two 
of 1 : 3 H2SO4. Put this filter in the same beaker wdth the 
metal; add 20 c.c. 1.20 nitric acid; heat below boiling until the 
copper is dissolved; filter off the pulp; wash it forty times with 
water containing a little 1.20 nitric acid; evaporate the filtrate 
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and washings to 20 c.c;. in a 600 c.c. beaker and titrate the copper 
with cyanide and “silver nitrate.’^ Hold the copper solution about 
one hour after discharging the blue with cyanide and before titrating 
with the cyanide and silver nitrate. 

The author found that owing to the slowness of tlu^ reaction 
between the K('N standard and the c()[)per aininoniuin com- 
pound that the above precaiition of holding the solution for an 
hour after discharging the blue of the copper, and then, after 
the said interval, determining the excess of cyanide in the man- 
ner given on page 215, (6) and (c), is an essential one. It gives 
such satisfactory results that he pn'fers this volumetric method 
for the determination of copper. As the chemist usually has 
several titrations of copper to make, at the same time, no delay 
of any consequence results, as a number of l(\sts can be given 
the first part of the titration for the discharge of the blue color, 
and, by the tinu; the blue has been dis(Larged from the last 
test, the first one has been standing the required time. It can 
then be at once finished with the cyanide and silver nitrate. 
The author now uses and recommends one-half the strength of 
cyanide standard given on page 214, that is, 1. c.c. equals 0.003175 
gram of copper. 

The Determination of Oxygen in Copper 

Gravimetric. Burn off any grease adhering to the plate or 
bar, at a black heat. Pickle off any scale or film of oxide by 
dipping the sample in 1.20 nitric acid. Wash the sample after 
pickling, thoroughly, in distilled water. Dry the plate or bar 
at 100° C. 

When drilling or milling the .sample, use only bright new drills 
or milling cutters. Keep the drillings or millings in a desiccator 
filled with fresh anhydrous calcium chloride. To get a blank, 
run through the same apparatus as used for oxygen in steel, 
copper of known oxygen content, or else put through the appa- 
ratus copper that has been already freed from oxygen by putting 
it through the entire furnace reduction as given for steel in 
oxygen determination. See pages 81-87. When the blank from 
such oxygen freed copper is constant, then the apparatus is 
ready for the analysis of the sample to be tested. 
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obtained as in (c). The j^reeipitates were then rtanoved by 
filtration through double filters, and tlu' excess of (wanide was 
deterinined in the filtrate and washings in the usual way with 
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phate are obtained. Iwaporate' the feirme'r to 20 c.ea; add 
10 c.c. 1 : 3 sulphurie^ acid anel a pie'ce* eif aruminum Ll ineLes 
square by inch thick. Heat luairly to healing for thirty minutes, 
or until the seilution is eadorle'ss. Re'iimve the aluminum and 
decant the seilution through a 0 cm. filte'r; wash the filter fifte^en 
times with water containing a fe'w elrops ol 1 : 3 112 ^ 04 . Return 
the filter to the 150 c.c. beaker in which the precipitation was 
made. 

The filtrate and washings from the metallic cop])er should be 
tested with H 2 S and, if a brown coloration is obtained, continue 
to pass the gas until the small preiapitate of copper collects. 
Filter it out; wash it with H 2 S water containing a drop or two 
of 1 : 3 H2SO4. Put this filter in the same beaker wdth the 
metal; add 20 c.c. 1.20 nitric acid; heat below boiling until the 
copper is dissolved; filter off the pulp; wash it forty times with 
water containing a little 1.20 nitric acid; evaporate the filtrate 



CHAPTER IX 


Part I 

THE RAPID DETERMINATION OF NICKEL IN THE PRESENCE 
OF CHROMIUM, IRON AND MANGANESE 

In applying the method of T. Moore f to the determination 
of nickel in steel, the directions given on page 183, Analysis of 
Steel Works Materials by Brearley and Ibbotson, were followed: 
One gram of steel was dissolved in a 150 c.c. beaker with 10 c.c. 
of concentrated hydrochloric acid diluted with an equal volume 
of water. 

When action ceased 10 c.c. of nitric acid (1.20) were added, 
and the contents of the beaker were boiled to about one-half. 
16 c.c. of dilute sulphuric acid were poured into the solution 
and also 3 grams of powdered citric acid. The solution was 
itirred until the citric acid was dissolved, transferred to a 600 c.c. 
beaker, and rendered faintly but distinctly ammoniacal. 

Note.— For Brunck’s Dimethylglyoxime Method for Nickel and the 
author’s modification o^ this separation, see page 231. 

The nickel was titrated with a standard solution of potassium 
cyanide, using a measured amount of standard silver nitrate 
and 2 c.c. of a 20 per cent solution of potassium iodide as an 
indicator. The deep red color of the citrate of iron greatly 
obscures the end-point. The authors complain of this color and 
recommend the use of a condensing lens to cast a beam of light 
through the darkness. In the presence of chromium the writer 
found that a still more somber gloom settled down over the close 
of the reaction. The authors mentioned also state that this 
element retards the union of the cyanide and the nickel, causing 
the recurrence of the cloud of silver iodide. 

Reprinted from the Journal of the American Chemical Society (with 
additions), Vol. XXIX, No. 8, August, 1907. 

t Chemical News, 72, 92. 
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After strugjgling with the process for some time and always 
carefully separating the chromium, and with it the iron, in 
chrome steels, an attempt was made to dispc'l the darkness and 
also to avoid these tedious separations: Less citric acid per 
gram of steel was taken, and the dark ix'd shaded to blackness. 

Naturally, the amount of citric acid per gram of steel was then 
increased, that is, 6 grams of citric acid per gram of steel were 
used, and a marked improvement was noted. Still more citric 
acid caused a complete lifting of the shadows. 

The following modih(‘d proc’edure was finally adopted for 
nickel steels after having been thoroughly t(‘st(‘d with plain 
carbon steels to which kmovn amounts of nick(‘l had been added: 
Dissolve 1 gram of steel drillings in a 150 c.c. beaker with 20 c.c. 
of hydrochloric acid (I : 1). When aidion c('ases add 10 c.c. of 
nitric acid (1.20). 

Reduce th(‘ volume of the solution to about 15 c.c., keeping 
the beaker covered during the boiling. Remove the beaker from 
the fire and pour into it 8 c.c. of cone, sulphuric acid diluted 
with 24 c.c. of water. The presence of the sulphuric acid is 
essential to a shar[) end reaction betwinm the cyanide standard 
and the silver iodide in th(‘ subsiHpK'nt titration. 

Transfer the contents of th(‘ beakiT to one of GOO c.c. capacity 
containing twelve grams of powdi'red citric acid. Stir until th(* 
citric aciil is dissolved. Render this solution faintly but dis- 
tinctly alkaline with ammonia, using oiu' [)art of concentrated 
ammonia diluted with one part of waters A large excess of 
ammonia causes low results. Stand the beaker in running 
water until it is cold. The volume of the solution should now 
be about 300 c.c. Much larger volumes than 300 c.c. should be 
avoided, as great dilution retards the end-point, causing the 
cloud of silver iodide to disappear and then to reappear again 
in a few minutes. 

The faintly ammoniacal condition * can be easily controlled 
by adding the ammonia rather slowly and noting the changes of 
color that ensue: The first change is to amber, then to yellowish 

* One can, also, use litmus paper; add ammonia, drop by drop, until 
1 drop of 1 : 1 ammonia just turns the red litmus blue, then add 10 drops 
excess of the ammonia and no more. A person with the average sense of 
smell can add ammonia until a slight .sweet smell is obtained and then the 
10 drops of excess with better success than with the use of litmus. 
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green, then to distinct green, then to a light shade of green, 
then to a yellow almost matching the yellow color of the acid 
solution. The reappearance of the yellow tint indicates that 
alkalinity is nearly attained. 

A little more ammonia now causes a brownish shade, which 
is evidence that the amtnonia is in slight excess. The moder- 
ately alkaline citrate of iron obtained in the proportion of 1 gram 
of iron to 12 grams of the citric acid yields a bright greenish 
yellow solution in plain nickel steels instead of being of a dense 
dark red shade. 

To th(i (iold solution 2 c.c. of a 20 per cent solution of potas- 
sium iodide are added. From a 50 c.c. burette a standard 
solution of silver nitrate is dropped into the same beaker, pro- 
ducing with the iodide a white turbidity. The standard potas- 
sium cyanide is added with constant stirring until the cloud of 
silver iodide just disappears, which it does on being converted 
into silver cyanide. Nickel cyanide is first formed, and then 
the silver cyanide is produced: 

(1) Ni(NO:02+4K(^N = Ni(CN)2’2KCN+2KNO3. 

(2) AgN03-h2KCN = AgCN-KCN+KN03. 

If the directions are followed as given, the titration can be 
accomplished at almost the full speed of the burette. If the 
titrated solutions jlre permitted to remain in the open beakers 
for a time, a film usually appears on the surface of the liquid. 
No account is taken of it, as its presence is most likely due to a 
superficial loss of ammonia. The reactions are always found to 
be completed when the body of the solution is freed of the iodide 
precipitate. 

Standards . — From the equations as given, 5.85 grams of silver 
nitrate are equivalent to 4.4868 grams of potassium cyanide. 
This weight of cyanide dissolved in 1 liter of water gives a value 
of 1 c.c. equals about 0.001014 gram of nickel. 

As comparatively little silver nitirate is needed with each 
analysis, it is not advisable to prepare more than a half liter 
of the water solution of this salt, using 2.925 grams per 500 c.c. 
of distilled water. 

The potassium cyanide standard should contain about 5 
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grams of potassium hydroxide to the liter which renders it quite 
permanent. The solutions are readily standardized by applying 
them to a plain steel to which a known amount of nickel has 
been added. The chemically pure double sulphate of nickel 
and ammonium is a convenient standardizing medium. For 
example, 0.2 gram and 0.25 gram of the double sulphate can be 
weighed into 150 c.c. beakers together with 1 gram of plain 
carbon steel drillings. 

This mixture is then put through all of the foregoing manipu- 
lations and titrated with the cyanide solution that is to be stand- 
ardized. The number of c.c. of the silver nitrate and of the 
potassium cyanide solution us('d in this titration are noted. 
An excess of 10 c.c. of the cyanide is now added and in turn 
titrated with the silver nitrate solution until a distinct (;l()ud of 
silver iodide is produced. This .second titration gives the relation 
between the silver solution and the cyanide. 

An actual case will illustrate the calculations: In sample 
No. 3477, 1.7 c.c. of standard .silver nitrate solution were required 
to produce a distinct turbidity and also to combine with any 
excess of p)otas.sium cyanide standard. In all, 35 c.c. of th.c 
cyanide were consumed in tlie titration. When the cloud of 
silver iodide had just been dispelled, an exce.ss of 9.8 c.c. of 
cyanide was allowed to flow into the clear solution. Just 10.1 c.c. 
of silver nitrate standard were needed to produce a reappearances 
of the cloudiness. Therefore 9.8^10.1=0^7, or 0.97 c.c. of 
cyanide standard solution equals 1 c.c. of silver nitrate. Hence 
instead of deducting 1.7 c.c. from 35 c.c., 1.7X0.97 or 1.65 c.c. 
were deducted, leaving 33.35 c.c. of cyanide combined with the 
nickel in this steel. 

To a plain carbon steel 0.200 gram of double sulphate of nickel 
and ammonium were added put through all of the steps of a 
regular analysis. This mixture required 28.75 c.c. of cyanide. 
The nickel salt contains 14.86 per cent of nickel, or 0.200 X 
0.1486 = 0.02972 gram of nickel were present. Hence 0.02972 
28.75 = 0.00103, or 1 c.c. of standard cyanide solution is equiv- 
alent to 0.00103 gram of nickel. No. 3477, as has been stated, 
required 33.35 c.c. of the cyanide standard, and therefore con- 
tains 0.00103X33.35 = 0.03435, or 0.03435 gram of nickel, or 
3.435 per cent. 
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Chromium-nickel Steels 

When chromium is present proceed exactly as in plain nickel 
steels except that 24 grams of citric acid per gram of steel are 
used. This proportion of citric acid is adequate to render the 
end-point quite as easy to see as in ordinary nickel steels. The 
action is prompt and free from recurrence of turbidity. Of 
course, cloudiness through the entire solution will occur, as the 
ammonia is dissipated from it, after it has stood for some time 
in an open beaker. 

The tabulation (1) that follows furnishes satisfactory proof 
that chromium docs not interfere with the successful technical 
estimation of nickel in its presence: 


TABLE I 


Sample. 

NoChromium AHHed 
Nickel Found, 

Per Cent. 

Per C^ent of (^hro- 
mnini Added to a 
Portion of the 
Same Steels 

Nickel Found after the 
Xddil loll of \’ar\ ing 
Amuuutb of Chroimura. 

Number 

525 

5 09 

4 

5 10 

2991 

4 44 

2 

4 45 

7239 

3 24 

1 

3 28 

3017 

4 96 

1 

5 03 

612 

3 47 

0 5 1 

! 3 47 

7273 

3 29 

1 

1 3 31 

622 

3 56 

0 5 

1 3 56 

7288 

3 32 

2 

3 41 

7289 

* 3 11 

2 

1 3 16 

663 

3 57 

6 

1 3 59 

2991 

4 44 

3 

4 47 


The chromium was introduced in the form of recrystallized 
chemically pure potassium dichromate. The dichromate crystals 
were mixed with a weighed amount of nickel steel drillings before 
the addition of the 20 c.c. of hydrochloric acid. The combined 
action of the nascent hydrogen from the steel, the excess of 
boiling hydrochloric acid and the ferrous chloride reduced the 
chromate to chromic chloride, thus duplicating the conditions 
found when a chromium-nickel is similarly treated. 

Determination by this modification of the cyanide method 
can be finished in from forty-five to fifty minutes, either in the 
presence or absence of any per cent of chromium likely to be 
met with in steels or alloys soluble in the acids given. In this 
laboratory duplicate determinations in nickel or nickel -chromium 
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steels are made in the time just specified. By the process one 
can decide in a few minutes wliether or not nickel is present in a 
given steel and just how much. Tungsten, if present, does not 
interfere, appreciably, as has been notert by the authors men- 
tioned in this arti(“le. The writer had two dilTerent amounts of 
nickel added to a st('(‘l containing* several per cent of chromium 
and from IG to 17 per cent of tungsten. This steel was then 
carried through exactly as though no tungsten or chromium 
were present, using the method as given for chromium-nickel 
steels. 


Nukrl \.1(1('<1, 

N K kcl I 'ouini 

(ir.lIM 

( !| Ulll 

0 0297 

0 0299 

0 0371.^) 

0 0372 

None 

0 0006 


Table IT demonstrates that neither vanadium, tungsten, chro- 
mium, nor molybdenum, when present, in the amounts given, 
interfere appreciably in t(‘chnical analysis. Th(‘se amounts 
represent extreme cas(‘s, especially for tlu^ vanadium, it being 
equivalent in one instance to 3.6 per cent V when I gram of steel 
is taken. 

Tests were then made in the same manner in the presence of 
molybdenum and vanadium as follows: 


TAJILE 11 


Name 

Kind of Steel or Mixture 

Nickel 

Added. 

tiruiii 

N ickel 
Found, 
(Irairi 

J. R. steel . . 

Contains 10't’±Mo 

0 0297 

0 0295 

J, R. steel 

Contain.s 10' t iMo 

0 0222 

0 0223 

J. R. steel 

C'ontuin.s 10%±Mo 

None 

0 0002 

Bxx-173 steel 

(Contains 4' [, Mo and 

0 0223 

0 0222 

Bxx -173 steel 

C'ontams Mo and 4'’o Cr. 

0 0297 

0 0296 

Bxx-173 steel 

Contains 4% Mo and 4% tlV.. . 

None 

0 0004 

A mixture 

0 920 gram of steel 

0 030 gram of nickel 

0 0297 

0 0298 


0 018 gram of vanadium 

. 


A mixture 

0 840 grain of steel 

0 022 gram of nickel 

0 035 gram of vanadium 

0 0223 

0.0227 

A blank 

1 (XX) gram of steel 

None 

0 0008 


0 035 gram of vanadium 
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As copper also forms cyanides, its presence would cause results 
to be too high, but copper is avoided in good steel making, Its 
presence is unlikely in greater amounts than 0.06 per cent, 
although the writer, dn one occasion, found as much as 0.25 
per cent in a low carbon steel, not a crucible steel, however. 
C’rucible steel rarely contains over 0.04 per cent copper. The 
choice brands are under 0.03 per cent in copper. 

Wishing to test the extent to which nickel could be titrated 
in the presence of large percentages of chromium, iron being 
also present, the mixtures as given in Table III were titrated with 
potassium cyanide. The various salts were weighed into 150 c.c. 
beakers, together with the proper amounts of steel drillings. 
The same j)roportions of hydrochloric, nitric, citric and sul- 
phuric acids were employ(‘d as are herein given for nickel-chro- 
mium-steels, and w(‘r(‘ applied in the same manner. 

A sufficient (plant it y of the salts of chromium and nickel, and 
of the st('el drillings, were taken to give a total of one-half gram 
of metals in the mixture. 

Double sulphate of nicked and ammonium ((NH4)2S04'NiS04’ 
6H2O), potassium dichromate and steel drillings free from nickel 
were used as source's of nickel, chromium and iron, respectively. 

To obtain the nick(‘l value of the cyanide standard under con- 
ditions similar to those existing in the mixtures tested, stand- 
ardizing mixtures of tlu-se salts were prepared varying from the 
mixtures tested as much as 1 per cent to 20 per cent in the different 
constituents. 


TABLE III 


I’kk 

r oi- Mkpm 

- 

( ; a A M 

OF Nickel 

Nj 

fV 

1m> 

Added 

Found 

30 

40 

30 

. 0 1499 

0 1494; 0 1495 

t)0 

20 

20 

0 2999 

0 3003; 0 2989 

20 

40 

40 

0 1029 

0 1022 

5 

90 

5 

0 0250 

0 0248; 0 0244 

4 

92 

4 

0 0200 

0 0199 

1.5 

95 

3.5 

0 00749 

0 00805; 0 00822 
fO 00225; 0 00243 

0 5 

99 

0 5 

0 00249 

lO 00247; 0 0026 

0 

98 9 

1 0 

None 

None 
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For mixtures exceeding 10 per cent of nickel a standard 
cyanide solution with a nickel value of 1 c.c. = 0.0031 gram of 
nickel was used. The standardizing mixtures were dissolved 
and treated exactly as the mixtures tested. The same method 
of standardization was o)>s(‘rved ii) tin* work recorded in Table IV. 

Table III demonstrates that inckel may be estimated by the 
foregoing modified cyanide process, using the proportions of 
citric acid as given, with sufficient accuracy for works analysis, 
and indeed for most practical purposes, even when the percent- 
age of chromium is as much as 99 per cent, and the nickel content 
is but one-half of 1 per c(‘nt. 

* The titration of the mixtures given in Table III, and con- 
taining the larger amounts of chromium, retpiires considerable 
practice on the part of the operator. Th(^ work sliould always 
be carried out in duplicate. The disappearance of the cloudi- 
ness in the presence of 0.100 to 0.450 gram of chromium in a 
volume of 350 to 400 c.c. is much more exactly observed when 
the mixture containing the iodide cloud is compared, from tune 
to time, with a siniilar mixture which is perfectly free of this 
milky turbidity. The dilution of the deep purple, or wine color, 
of these arnmoniacal mixtures of citrates to more than 300 to 
400 c.c. renders the end-point but slightly more distinct, and has 
the great objection of retarding the reaction betwe(*n th(* cyanide 
and the nickel. The increase above 24 grams of citric acid, in 
the solution, even to the extent of adding 00 grams of citric 
acid, did not relieve the density of color to any perceptible 
extent. 

When titrating with a standard, 1 c.c. of cyanide = 0.0031 
gram of nickel (three times the strength used for steels), do not 
also increase the strength of the silver standard to otjual it, but 
still retain the silver nitrate standard as giv-^m for steels. A 
silver nitrate solution sufficiently concentrated to be equivalent, 
yolume for volume, to the cyanide standard (1 c.c. = 0.0031 gram 
of nickel) on being dropped into the solution containing the 
potassium iodide, does not produce the usual opalescence, alone, 
but forms curds of iodide that do not readily combine with the 
cyanide standard. The end-point is reached and the main body 
of the solution is free of cloud wliile curds of silver iodide still 

♦ Read the determination of nickel in the presence of much chromium, 
page 229. 
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lie on the bottom of the beaker. The weaker silver nitrate 
standard, or 5.85 grams of silver nitrate to the liter, produces 
with the potassium iodide a finely divided cloud of precipitate 
that combines promptly with the strong cyanide standard, 
giving a sharp end-point. Weigh, therefore, 2.925 grams of 
silver nitrate, diluting to 500 c.c., and 13.4604 grams of the 
best grade of potassium cyanide, diluting to 1000 c.c., for titra- 
tions of solutions containing from 0.100 to 0.300 gram of nickel; 
1 c.c. of this silver nitrate solution should be equivalent to ^ c.c. 
of the concentrated cyanide standard (1 c.c. cyanide = 0.0031 
dr grams of nickel). 

The titration of nickel by potassium cyanide in mixtures 
containing large percentages of manganese with varying amounts 
of chromium and iron was also tried. 

As in the experiments outlined in Table III, mixtures were 
prepared to contain one-half gram of metallic substance's. 44ie 
same nickel and chromium salts were employed. Putassiuin 
permanganate crystals supplied the manganese. 

The crystals of double sulphate of nickel and ammonium, 
potassium dichromate and potassium permanganate were weighed 
into a 150 c.c. beaker with the steel drillings. To this were 
added 20 c.c. of dilute hydrochloric acid. The contents of the 
beaker were then boiled, after the first action was completed, 
until the chromate and permanganate were reduced. An addi- 
tion of 10 c.c. of nitric acid (1.20) followed, and the analysis 
was carried out exactly as given for chromium-nick(4 steels, 
using 24 grams of citric acid. The results obtained are given in 
Table IV. Sulphuric acid was added as in the process for steels. 

Table IV gives evidence of the fact that nickel can be accu- 
rately determined in the presence of large percentages of chromium 
and manganese, if the conditions herein giv('n are carefully 
observed. In the hands of a practiced operator no difficulty was 
experienced in the analysis when as much as 95 per cent of 
manganese was in solution with but 0.25 per cent of nickel. 

Where large amounts of reduced chromium are encountered 
with nickel, the latter can be titrated to a better advantage by 
boiling the sulphuric acid solution of the sample with an excess 
of KMn 04 ; filtering out the manganese oxide and then proceed- 
ing with the addition of the citric acid, etc., (see E. D. Campbell 
and W. Arthur, J. Am. Chem. Soc., 30, 1116-20, July, 1908). 
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TABLE IV 



Per Cent 

OF Metals 


Gram ok 

Nitrel 

Ni 

Mn ■ 

Cr ' 

Fe 

• Vddod 

Found. 

41 

20 

10 

30 

0 2059 

0 2058 

20 6 

40 

20 

20 

0 1029 

0 10228 

15 

60 

15 

10 

0 0750 

0 0752 

1.5 

95 5 

1 

2 

0 00749 

0 00702 

0.25 

94 9 

2 

2.9 

0 00124 

0 00122 


94 9 

2 

4 

Nono 

0 00006 


here is not the sli^i;htest for all this (‘xtra work for any 

mount of chromium ever found in st(H‘ls, unh'ss it is desinnl to 
etermine this element in the sam(‘ analysis with the nickel, 
ti that event use 4 grams ot steel and proceiMl as in CrV steels 
"h^pter II); and, when the solution is ready for the titrations, 
wide it in two eqml portiotis. Finish oiu' portuin for Cr and V. 
y the method in Chapter II. Finish onu-ualf of the other 
art for nickel, adding citric acid, (dc. This procedure avoids 
:ie reoxidizing and refiltering ri'sorted k) by Messrs, ('ainphell 
nd Arthur; and also any necessity of making the objectionable 
lot tests. It affords an easy way of getting Cr, V, and Ni from 
le one analysis. 

Add the citric cwid after neutralizing the free acid when large 
mounts of chromium or vanadium arc present with the nickei 

By first performing the neutralization befori' adding th(' citric 
dd, the latter is prevent (‘d from reducing the vanadium or 
iromium and, in this way, the intense dark colors are elimi- 
ited. it is still better to not only neutralize the free acid of 
le chromic acid-nickel or th(‘ vanadic acid-nickel solution, but to 
so convert the citric acid to ammonium citrate before adding 
lis organic compound to the almost or entirely neutral solution 

the nickel and chrome, or nickel and vanadium. This of 
)urse applies only to the filtrate after boiling with permanganate 
► oxidize the vanadium to the vanadic and the chromium to 
le chromic state. This oxidation is highly to ho recommended 
hen large amounts of vanadium or chromium are present. 

After adding the ammonium citrate^ the usual amount of 
:cess of ammonia is introduced and the citrate will gradually 
ssolve the iron hydroxide after prolonged stirring. 
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The Complete Analysis of “ 30 per cent ” Nickel Steel 

Iron. — Dissolve 0,3 or 0.45 gram of sample in 30 c.c. of 1.20 
nitric acid in a porcelain dish, and when the action is over, evap- 
orate the solution to dryness; ignite the bottom of the dish to a 
dull red to destroy the carbon; cool; dissolve in 20 c.c. of cone. 
HCl and finish as in iron ore by reduction with stannous chloride 
and titration with potassium dichromate standard. The nickel 
does not interfere except to turn the spot tests cloudy, but not 
so quickly but that the end-point can be seen. 0.45 gram of 
sample required 53.2 c.c. of the standard; 53.2 times 0.00565 
divided by 0.45 times 100 equals 66.7 per cent iron. 

Standardization in the Presence of Nickel . — Dissolve 0.300 
gram of the IJ. S. Bureau Sibley iron ore together with 1.00 gram 
of double sulphate of nickel and ammonia, as above, and put it 
through all of the operations as given. Titrate it with the regular 
dichromate standard as used for iron ore (0.8 grams of recrys- 
tallized K 2 Cr 207 dissolved in water and diluted to 2000 c.c.). 
This gives a factor of 1 c.c. equals 0.00565 gram of iron, that is, 
36.7 c.c. of the standard were used, hence 0.300 times 0.692 
divided by 36.7 equals 0.00565. 

The carbon, manganese, etc., were determined as in plain 
steels. 


RESULTS 


Carbon 

Per Cent 
. 0 20 

Silicon 

Per Cent 

0 125 

Manganese 

0 74 

Nickel 

32 27 

Phosphoi’us 

0 02.5 

Iron 

66 75 

Sulphur 

0.025 




Brunck's Method for Nickel in Steel 

This method is supposed to separate nickel from iron, chro- 
mium, zinc, manganese and cobalt. The presence of a large 
quantity of manganese requires the precipitation to be made 
from acetic solution. The procedure for steel is to dissolve from 
0.5 to 0.6 gram in 10 c.c. of 1 : 1 HCl with heat. Oxidize with 
nitric acid; boil off the red fumes; silicon is not removed; it 
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would seem to the writer that it would be safer in some steels 
to remove the silicon by evaporation to dryness. 

Add from 2 to 3 ji;rams of citric acid ‘^nd make the solution 
slightly arnmoniacal to see if any precipitation occurs. If the 
solution remains clear, add HCl droj) by drop until slight acidity 
is attained. Heat to near boiling; add 20 c.c. of a 1 per cent 
solution of dimethylglyoxim in alcohol. Now drop in ammonia 
to slight alkalinity. Let stand for one hour and filter hot. Wash 
with water. The red f)r(‘cipitate is caught on a Ciooch or Munroe 
crucible and, after being thoroughly waslu'd, is dried for forty- 
five minutes at from 110'^ to 120*^ C. The weight obtained is 
multiplied by 0.2032G to convert it to metallic nickel which is 
then calculated to percentage. 

The percentage of 20.326 corresponds to the formula of 
(^ 8 Hi 4 N 404 Ni. Prettner recommended the holding of the solu- 
tion for an hour before filtering off the scarlet preci[)itate. Those 
wishing to read the original descriptions of the method should 
consult Zeitschrift fiir Angew. Chemie, 1007, Nr. 47, S. 1844. 
Dr. 0. Brunck. Also Chem. Ztg., 33, 1909, p. 396. 


A Modification of Brunck’s Method by Solution of the 
Red Precipitate in Nitric Acid and Titration of the 
Solution in the Usual Way with KC.'N and Silver 
Nitrate ^ 

Proceed as for nickel as in Brunck’s method, obtaining the 
red precipitate, which is washed fifteen times with 500 c.c. of 
water containing 10 c.c, of a 2 per cent solution of the dimethyl. 
The precipitate is dissolved off the filter with 25 c.c. of 1.20 nitric 
acid, allowing the solution to run into the beaker in which the 
precipitation of the nickel was made. Wash the filter about 
thirty times with water c(mtaining 10 c.c. of 1.20 nitric acid per 
500 c.c. of water, or until the wash water no longer gives a test 
for nickel with the dimethyl. Add 15 c.c, of 1 : 3 sulphuric acid 
to the nitric acid solution of the red precipitate; boil twenty 
minutes; cool; add 5 grams of citric acid; make faintly ammo- 
niacal; add 10 drops of 1 : 1 ammonia and finish for nickel by 
titration with KCN and silver nitrate. By this method the 
U. S. nickel-chrome standard, No. 32 (1.62 per cent Ni) gave 
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1.63 per cent nickel, and the U. S. nickel standard No. 33 (3.33 
per cent Ni) gave 3.36 per cent Ni. 

One should be a\de to use this method for the determination 
of small amounts of nickel by taking large weights of the sample. 
Elements like manganese, .vanadium, and chromium, that give 
very dense dark citrates when in the “ous” state, could be 
analyzed for small per cents of nickel in the above manner by 
separating away the bulk of these elements from the nickel. 
(See the Determination of Small Amounts of Nickel in the 
Presence of Large Amounts of Cobalt, page 382.) The idea of 
such a modification of Brunck’s method was suggested to the 
author by Mr. A. ( J. (Ireenameyer. The above details are the 
author’s. 

For the Determination of Nickel by Electrolysis, sec page 386. 

The Pre.sent Routine Standard Method for Nickel 
(May, 1919) 

Nickel in Steel. — Weigh 1 gram of the sample into a clean 
400 c.c. beaker. Add 25 c.c. nitric acid (sp. gr. 1.20); put 
cover glass on beak(‘r and place on argand stove over a low flame 
until sample is dissolved. Add 15 c.c. sulphuric acid (1 : 3); 
raise flame slightly and boil until all brown fumes have been driven 
off. Idnlure to (Mitirely expel the brown fumes cause's inaccurate 
results. BemoV;^ from stove; rinse cover glass and sides of 
beaker with distilled water. Allow to cool somewhat; then add 
10 grams citric acid (powdered). 

Add 50 to 60 c.c. ammonia water (1 : 1); stir until citric 
acid crystals are in .solution; then tiansfer beaker to a pan of 
cold water. (Do not float the beaker, it may upset.) If the 
solution when cold still smells strongly of ammonia, add 1 : 3 
H 2 SO 4 a few drops at a time or until the test smells oidy slightly 
ammoniacal. However, if when cooled, solution instead of 
being ammoniacal is neutral or faintly acid, turning blue litmus 
to a red, then add ammonia a few drops at a time until the solu- 
tion is faintly ammoniacal. 

The test is ready for titration when it has a distinct, but not 
strong smell of ammonia. At this stage, red litmus turns blue 
where it dips into the solution. If the solution is strongly ammo- 
niacal. low results are obtained. If it is too faintly ammoniacal 
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high results arc gotten. The operator soon learns to judge the 
right amount of ammonia. 

To the faintly ammoniacal solution, add 2 c.c. of potassium 
iodide from a small graduate and stir. •Using a burette con- 
taining silver nitrate solution, note the readitig of the burette; 
then add ’2 e.e. of the same to the test and stir well. A pale 
yellow cloud should form throughout the solution. 

Using anoth(*r burette containing dilute standard |)otjissiuin 
cyanide solution, note tlie n'admg, th('n add just enough of this 
solution to clear up the cloud that was previously formed thus 
finally obtaining a clear solution. Stir constantly during the 
addition of the KUN. 

Record the final readings of both silver nitrate and [lotassiuin 
cyanide burettes. By subtraction the numln'r of c.c. consumed, 
of each ar(‘ obtained. 


Steels C'ont.ainino Chromium 

Dissolve first in a ini.xture of 30 c.c. of II 2 S 04 (1 : 3) and 
20 c.c. distilled water. ll(‘at until (IissoIvimI, oxidize with 20 c.c. 
IIN ():3 (1.20). Boil olT all brown fumes; nanove from fire; 
cool; add the citric acid and proiri'd as given above. 


CALCULATIONS 

% 

Kno^nt Mutnre Jor Standardizing 

200 mg. NiAm sulphate (14.S')^ Ni) Place in 400 c c beaker and run 

1 gm. plain steel simultaneously with testa 

(Most steels contain at least 0 02% Ni and 0 02.')% Cu ) 

14.0 c.c. Final Reading 82.3 c.c. 

12.0 c.c. . ... Start 49.6 c c. 


2.0 c.c. total silver nitrate Total cyanide 32.7 c.c. 

1.1 c.c. (1 c.c. silver = 1.1 c.c. cyanide) Silver equivalent.. 2.2. c.c. 


2.2. = silver nitrate used by the Nickel equivalent. 30.5 c.c. 

excess of KCN. 

14.8% Ni in Nickel Ammonium Sulphate. 

.2 gram 

30.5 )T.Mj0( 0.097 or 1 c.c., =0.00097 gram Ni 
Factor 1 c.c. cyanide, 0.097 per cent Ni on 1 gram basis. 
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High Nickel Steels 

Run aa directed above, but use cone. KCN solution for titration. 1 c.c. 
AgNOa usually ecjuals 0.226 c.c. strong KCN. 

Caution. — Be extremely careful in handling cyanides, as they are very 
poisonous. 

Keep silver nitrate solution aw/iy from bright light, especially sunlight, 
which causes it to undergo decomposition. 



chapti’r IX 


Part II 

THE ANALYSIS OF NICKEL-CHROMIUM ALLOY 

* 

The widespread applicatioti of true iiiekel-ehroiiiinin and 
nickel-ehromium-iron alloys to resistances heatinp; has made 
further work for the analyst. 

The author has analyzed seveual varieties of these useful 
alloys as follows: 


Nk^kel 

Dissolve 0.5 gram of the wire in a No. 5 |X)r(‘elain dish with a 
mixture of 20 c.c. cone. \IV\ and the same amount of cone. 
HNO3 and evaporate to 15 ex. Add 100 c.c. of cone. HNOij and 
evaporate to 20 c.c. Transfer the solution to a ()00 c.c. beaker; 
add 40 c.c. of 1 : 3 H2SO4; dilute to 200 c.c.; heat to boiling; 
add permanganate of iwOussium to the boiling solution until an 
excess of brown manganese oxide remains without p(sr(‘eptible 
change after a half hour of boiling; cool; tllter on an jislxsstos 
plug or through a porous crucible, making sure that none of the 
manganese oxide runs through, as the filtrate must be perfectly 
clear. C'ool; add 1 : 1 ammonia until a precipitate starts to 
form; add 15 grams of citric acid made slightly alkaline to 
litmus paper by ammonia. Add ten drops more of the ammonia, 
if necessary to render the solution slightly alkaline. Titrate 
the solution with the concentrated K('N standard given on 
page 227. To standardize the cyanide under conditions similar 
to the alloy, put the following mixtures through all of the above 
operations and then titrate them with the K('N : Mixture No. 1, 
1 gram of the nickel-ammonium sulphate, and 2(X) mgs. of potas- 
sium dichromate; mixture No. 2, 2 grams of nickel-ammonium 
sulphate and 200 mgs. of the dichromate. The nickel-ammo- 
nium sulphate used in this work was checked by electrolysis 
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and found to contain 14.6 per cent nickel, hence mixture No. 1 
contained 0.146X1.00 or 0.146 jj;rain of nickel, and mixture 
No. 2 contained 0.146X2.00 or 0.292 gram of nickel. 


Chromium 

Dissolve 0.500 gram of the hnely ground sample exactly as 
given for nickel and proceed with the analysis as for ni(‘kel and 
hlter off the excess of manganese oxide as in the case of tlu' nickel. 
Cool the filtrate if the titration is to he finished forthwith; omit 
the neutralization with ammonia; and titrate, after adding 
40 c.c. of 1:3 sulphuric acid and diluting further to 250 c.c, 
with water. Titrate with the same strength of sulphate and 
permanganate standards as are given on pages 12 and 13. Do 
not use any ferricyanide indicator, as the nickel would be pre- 
cipitated and hide the end-point. First add the sulphate stand- 
ard until all red tints arc gone and there remains only the chrome 
green; then add an apparent excess of about 10 c.c. Next 
titrate with the equivalent permanganate standard until a faint 
permanent pink flush is visible through the green of the chro- 
mium. The amount of the sulphate us(‘d less the number of c.(!. 
of the permanganate required to produce the pink (md-point is 
multiplied by the value of the double sulphate in chromium 
per c.c. The result equals the number of milligrams of chro- 
mium in the 0.500 gram of sample. The standardization is 
accomplished by putting the following known mixture through 
all of the foregoing operations: 0.250 gram of plain carbon st(iel, 
0.100 gram of recrystal lizcd potassium dichromate and 2 grams 
of nickel-ammonium sulphate; also the same amounts of steel 
and nickel salt with 0.200 gram of the dichromatc. These mix- 
tures are titrated in the same way as described for the sample 
itself and the value of the sulphate in chromium is calculated 
in the usual way. The value of the dichromatc in metallic 
chromium is taken as 35.35 per cent Cr. 

Manganese 

Dissolve 0.300 gram of the wire in a mixture of 10 c.c. of cone, 
nitric acid and 5 c.c. of cone, hydrochloric acid. Flvaporate to 
5.0 C.C.; add 50 c.c. of cone, nitric acid and evaporate to 10 c.c.; 
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add 25 c.c. more of the nitric acid and a^ain evaporate to 10 c.c. 
Transfer to a 10X1 inch tube and finish tus in chrome steels, 
as directed on page 32. • 


Ca^^hon 

Twist several strands of the wire into a rope and take millings 
therefrom as described under Milling (see page 271). Then 
burn with red lead as in ferro-chromiiim 

Sulphur and Silicon 

Tlie sulphur is determined as in the gravimetric method for 
alloy steels. The silicon is obtaini'd from thii insoluble matter 
filtered out before precipitating the sulphur with barium chloride. 

Iron and Aluminum 

Dissolve 1 gram of millings in a mixture of 20 c.c. of cone. 
HCl and 20 c.c. of cone. HNO.i. Heat until all action is over; 
boil down to 20 c.c.; transfer to a litiT boiling flask; dilute to 
300 c.c. and peroxidize, as described on page 35, getting filtrates 
A and B, and if B has a distinct yellow color, then a third peroxi- 
dation should be made, obtaining a third filtrate and washings 
C that are free from an appn'ciable yi'llow color, showing that 
all of the chromium has beiai s(‘i)arat(‘d from the iron present. 
The aluminum is obtained from A, B and (\ as in ferro-vanadium, 
that is, by adding I : I 11(3 slowly with constant stirring until 
turmeric paper is no longer irnmediaiclij turned to even a sug- 
gestion of a brownish red color on being dipped into the solution. 
The operator can easily tell when he is approaching the end-point 
by the sudden increase of the cfTervescence, as the acid is added; 
also if aluminum is present to the extent of even 1 per cent the 
solution will have become cloudy and if several per cents are pres- 
ent, the usual white, flociuilent, precipitate of aluminum hydroxide 
will have formed. Continue to add the acid until the turmeric 
shows no more immediate change of color than if it had been dipped 
into water. Of course in a minute or two the paper will take 
on a faint brownish red. At this stage the solution will change 
litmus paper at once to a distinct blue. A, B and C can be 
combined in one before performing the precipitation of the 
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aluminum, or if the volumes are too great they can be treated 
separately and the precipitates combined on the one filter. The 
alkaline solution is brought just to a boil, before adding the 
acid, but in no case should the strongly alkaline solution be 
heated further, as by so doing la»*ge amounts of glass are dissolved. 
The precipitate of aluminum is then washed and dissolved off 
the filter, reprecipitated with a slight excess of ammonia and 
weighed as AI 2 O 3 plus a little P 2 O 5 and Si02 and finished from 
that point on as given on page 30 and on page 37. 

The Iron. — All of the iron will be on the filter from filtrate C, 
except a slight film which will be clinging to the walls of the boil- 
ing flask. The latter is cleaned by warming in the flask a little 
1 : 1 HCl and the iron on the filter is dissolved off with hot acid 
of the same kind. The iron from the flask and the filter are 
combined and titrated as in iron ore after reduction with stan- 
nous chloride. To standardize the dichromate the following 
known mixture was put through all of the foregoing operations: 
250 mgs. of standard iron ore, O.lOO gram of potassium dichro- 
mate and 2.00 grams of the nickel-ammonium sulphate. Also 
for a check, 0.2G0 gram of the iron ore, and the same amounts 
of the other two salts as before. The Sibley ore No. 27 of the 
U. S. Bureau of Standards is extremely useful as a known source 
of iron to add to all such standardizing mixtures. The salts of 
nickel and chromium are of course added to have the stand- 
ardizing mixtures as'fiear the samples as possible. 


SOME TYPES OF NICKEL-CHROMIUM AND NICKEL-CHROMIUM- 
IRON ALLOYS 



No 1 

No 2 

No 

No 4 

No 5 

Carbon 

0 12 

0 35 

0 30 

0 14 

0 41 

Manganese 

0 82 

2 74 

1 50 

Trace 

1 95 

Sulphur .... 

0 012 

0 074 


0 027 

0 026 

Nickel 

76.93 

GO 35 

66 42 

83 91 

56.47 

Chromium 

16 40 

10 12 

1 19 37 

13 97 

15 64 

Silicon 

0 23 

0 40 



1 66 

Iron 

1 81 

25 11 

10 23 

1 47 

22 58 

Aluminum 

2 68 

0 53 



1 20 

Phosphorus 





0 03 



(liAPTER IX 


Part III 

THE ANALYSIS OF NICKEL-COPPER IRON ALLOY 
(MONEL METAL) 

SiLK’ON AND (OPI’KR 

Dissolve 0.5 or O.O p^ram of the drillings or millings in a 
No. 5 porcelain dish with 35 c.c, of 1,20 nitric acid. In the 
same manner dissolve two standardizing mixtiiros as follows: 
(1) 0.100 gram of 90.9 per cent nietalli(* copper and 2.00 grams 
of the double sulphate of nickel and ammonia. (2) 0.2(K) gram 
of the copper and 3 grams of the double sulphate. Heat until 
all action with the nitric acid has cea.sed; add 70 c.c. of 1 : 3 
sulphuric acid and evaixirate to thi(‘k white fumes. Add 100 c.c. 
of water; heat until all is in solution ex(‘ept a little white insoluble 
residue of flotant silicic acid which is filteiwd through a double 
11 c.c. ashless filter and washed free of iron with water con- 
taining 10 per cent by volume of 1 : 3 sulphuric acid. Finish the 
washing with water; get the silicon from the residue on the filter 
as in steels, page 348, by loss of weight after evaporation with 
a few drops of cone, sulphuric acid and 10 c.c. of hydrofluoric 
acid. Any residue of oxides remaining after this evaporation 
and ignition is dissolved out with a little cone. HCl and the 
solution is added to the main filtrate from the silicon. This 
filtrate is diluted to 400 c.c. with water, heated nearly to boiling, 
and hydrogen sulphide is passed through it until the copper 
separates out well. Filter the sulphide of copper through a 
double 122 cm. filter and wash with H 2 S water containing 5 drops 
of 1 : 3 sulphuric acid per 500 c.c. of water, giving not less than 
forty washings. Dry the filter, burn it off at a low red heat 
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in a porcelain crucible, and dissolve the copper oxide in 20 c.c. 
of 1.20 nitric acid. Transfer the solution to a 400 c.c. beaker; 
add 1.5 grams of citric acid; make neutral with a saturated 
solution of sodium carbo^'ate and add 25 c.c. exc^ess of the car- 
bonate. Titrate the copper by the cyanide method as described 
on pages 213 to 216. For the 'indicator use a 20 per cent KI 
solution (20 grams of the Kl to 100 c.c. of water) ; for the cyanide 
use 4.4868 grams to the liter; and for the silver nitrate dissolve 
2.925 grams in water and dilute to 1 liter. It may })e well to 
give the routine of the titrations here. Add the KCN to the 
solutions containing the various amounts of test and the known 
mixtures until all blue color is gone; then wait at least a half 
hour before proceeding with the cyanide and silver titration. 
Unless this pause is made discordant results will be obtained, 
owing to the slowness of the complete reaction i)etween the 
cyanide added to discharge the blue, and the cop{)er. After 
the half to one hour interval, add 2 c.c. of th(^ Kl indicator, 
and then the silver nitrate until a slight white cloud of silver 
iodide appears that is permanent. To get the relation between 
the silver and the cyanide next add 5 c.c. of the K( -N standard 
and again add the silver until the slight cloud again appears. 

Standardization and Calculations —MixtwYG No. 1 required 
83.2 c.c. of the KUN to discharge the blue color, and after waiting 
for at least a half hour it required 6.5 c.c. of the AgNOa standard 
to produce a slight cloud of silver iodide in the solution; further, 
on adding an excess (*f the K('N of 5 c.c. it required 4.3 c.c. of 
the AgNOa to again produce a slight permanent cloud in No. 1. 
By this last titration, therefore, 4.3 c.c. of the ‘"silver” equal 
5.0 c.c. of the cyanide. Since 6.5 c.c. of the silver solution were 
needed to produce the first slight cloud after the thirty-minute 
delay, then 6.5X5 divided by 4.3 or 7.5 c.c. must be deducted 
from the 83.2 c.c. required to discharge the first blue in order 
to obtain the actual amount of the KCN standard that was used 
by the copper taken. This gives 75.7 c.c. of the KCN equal 
to 0.100 X 99.9 of metallic copper or 0.0999 gram, or 1 c.c. of the 
KCN equals 0.00132 gram of copper. In the same way from 
mixture No. 2 it was found that 149.8 c.c. of the KCN equal 
0.1998 gram of copper, or 1 c.c. of the KCN equals 0.001333 gram 
of copper. The average of the two standardizations was 0.00133. 
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In the same manner 0.5 and 0.6 gram of the monel gave 26.6 
and 26.9 per cent copper. 

Nickel in Monel 

The filtrates from the II 2 S precipitation of the copper are 
evaporated to fumes with 100 e.e. of 1 : 3 II 2 SO 4 ; cool; add 50 
c.c. of water; and then 10 e.e. of cone. HNO.^; heat to destroy 
any remaining hydrogen sulphide; (ilter if not clear, and titrate 
with cyanide and silver. For the cyanide standard tlissolve 
44.868 grams of K('N in water and dilute to 2 liters, and dor 
the silver nitrate and the potassium io(lid(‘ use the same strength 
as given for the copper. In making tlu' titration add 2 c.c. of 
the KI and then tlie AgNOn until a distinct white cloud of the 
silver iodide is formed; then add the K('N until the cloud just 
disappears; then add 10 c.c. excess of th(‘ K('N and just bring 
back the white cloud to get the r(*lation between the silver 
nitrate and the KC'N. As No. 1 (see eop[)er) contained 2 grams 
of the nickel ammonium sulphate, there were present, theo- 
retically, 0.1486X2.00, or 0.2972 gram of nickel. By the excess 
titration it was found that 1 c.c. of the AgNOa equals 0.21 c.c. 
of the KCN. The first cloud produced by the addition of the 
2 c.c. of KI did not disa{)p(air until 61.0 c.c. of the KC'N had 
been added. In the standardization 2.4 c.c. of the AgNOa 
were actually added to produce the cloud wiih the KI; and by 
the titration of the 10 c.c. of excess KCN, 47.6 c.c. of the AgNO^ 
were required to again reproduce the cloud; therefore, 61.0 c.c. 
less 2.4X10 divided by 47.6, or less 0.5tll c.c., ecpial 60.5 c.c. 
which equal 0.2972 gram of nickel, or 1 c.c. of the KC'N equals 
0.00491 gram of nickel. In the same way mixture No. 2 gave 
1 c.c. of the KC'N standard eipials 0.00493 gram of nickel. From 
the 0.5 and 0.6 gram of the monel, 68.82 and 68.63 per cent 
nickel were found. 


Iron 

Dissolve 1 or 1^ gram of sample in 25 c.c. of 1.20 c.c. nitric 
acid in an 800 c.c. beaker and dilute to 500 c.c. Precipitate the 
iron with a considerable excess of ammonia and let the solution 
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stand until the iron is well separated. Filter it off; wash the 
precipitate with 1 : 20 ammonia until the washings are no longer 
colored blue; then redissolve the iron with 40 c.c. of 1 : 1 HCl; 
wash the filter free of'iron with 1 : 20 HCl and precipitate the 
filtrate and washings as before with an excess of ammonia; filter 
off the iron hydroxide; wash'^it as above; dissolve it before; 
dilute the filtrate and washings from this HCl solution to 300 c.c.; 
heat to boiling; add stannous chloride until the iron is decolorized 
and 3 or 4 drops in excess; cool; add 35 c.c. of the mercuric 
chloride solution; stir and titrate at once with a dichromate of 
potassium made by dissolving 1.225 grams of this salt in water 
and diluting it to 1 liter. Add the dichromate standard until 
the solution being titrated no longer gives a blue spot test with 
potassium ferricyanide when two drops of it are mixed with 
the same amount of the ferricyanide indicator on the usual 
porcelain plate. To standardize the dichromate put enough of 
the iron ore furnished by the Bureau of Standards or of some 
other equally reliable iron standard through all of the foregoing 
manipulations as though Ni and Cu were present, and titrate 
with the dichromate standard. In one such analysis, enough 
iron ore standard was taken to equal 30 and 60 mgs. of metallic 
iron in solution. This gave 1 c.c. of the dichromate equals 
0.00141 gram of iron. 

The mercuric chloride solution is made by dissolving 50 grams 
of the salt in 1000 c.c. of water. 

The stannous chloride is made by dissolving 10 grams of stan- 
nous chloride or an eciuivalent amount of pure tin in 100 c.c. 
1 : 1 HCl. 

The ferricyanide is prepared by dissolving 0.50 gram of this 
salt in 100 c.c. of water at the time it is to be used to get the 
sharpest end-point. 

Carbon, Manganese, Sulphur and Phosphorus 

The sulphur is found by the gravimetric method as in plain 
steels, as given on page 335, the carbon by direct combustion 
in oxygen, the manganese by the volumetric method given on 
page 338 and the phosphorus as given on pages 310 to 325. 
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SOME ANALYSES OF MONEL METAL 



No ! 

No 2 

No 3 

Carbon 

0 If) 

® 0 10 

0 30 

Manganese 


Tra(“e 

3 27 

Phos[)horus 

0 i)2{) 

0 017 

0 045 

Sulphur 

0 013 

0 020 

0 003 

vSilieon 

0 230 i 

0 100 

0 07 

Iron 

2 ‘M) 


3 98 

Nickel 

08 82 

()0 18 

00 78 

Copper 

20 Of) 

27 24 

24 80 



CHAPTER X 
Part I 

FERRO-MANGANESE 

Gravimetric A/dW— Dissolve 1 gram of sample in 50 c.c. 
of 1.20 nitric acid in a No. 4 porcelain dish. Remove the watch 
glass. Evaporate to dryness. Ignite to low red heat to destroy 
the carbon. Replace the cover. Dissolve in 40 c.c. cone, hydro- 
chloric acid. Heat until fumes of chlorine have disappeared. 
Filter into an 800 c.c. beaker. Wash the residue on the filter 
with 1 : 10 hydrochloric acid until it is free from iron test. Wash 
it further w'ith water until it is free from chlorine test. Ignite 
the residue in a weighed crucible and finish for silicon as in steels. 
The residue remaining, after evaporation of the silicon with 
HF and a few drops of H2SO4, is ignited at a low red; then 
weighed, the loss of weight being the silica. The weighed residue 
is dissolved out with a few drops of HCl and added to the main 
filtrate from the silica as it may contain some manganese, espe- 
cially if the ferro is high in silicon. 

Dilute the filtrate and washings to 300 c.c. Add dilute am- 
monia until one drop produces a precipitate that fails to dissolve 
with persistent stirring. Now add 1 drop, only, of 1 : 1 hydro- 
chloric acid. Also pour into the solution 1.5 c.c. of ammonium 
acetate for every 100 mgs. of metallic iron supposed to be present. 
(The ammonium acetate solution is prepared by dissolving 50 
grams of the salt in 50 c.c. of water. Add dilute ammonia to 
this solution a drop at a time until it smells very faintly of 
ammonia.* Add water until the total volume of the acetate 
solution is 100 c.c.) Heat to boiling. Boil one minute. Permit 
the precipitate to settle a few moments. Stir in some paper pulp. 

* Or reacts slightly blue with red litmus paper. 
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Filter hot. Wjish fifteen times with hot wal('r (‘ontainiji^ 2 e.e. 
of ammonium acetate to KM) c.c, of water. 

Redissolvc the precipitate witli 10 c.c. of hot 1 : I hydro- 
chloric acid. Wash the filter free from* iron test. Dilute the 
filtrate and washinf>;s to 2(M) c.c. and precipitate it ji^^ain as before. 
Wavsh the precipitate. C'omhine fhis filtrate and washings with 
the original filtrate and washings. FiVaporate all (after adding 
to the combined filtrates 5 c.c. of 1:1 hydrochloric acid) to 
200 c.c. Filter if necessary. Add 25 c.c. of ammonium aietate 
solution. Heat to boiling in a j)latimim or porci'lain dish. Add 
to the boilnuj solution 75 c.c. of a saturatc'd solution of inicro- 
cosmi(‘ salt, stirring continuously. Add a slight ('xcess of ammo- 
nia,* and continue to heat the precipitate and su|)ernatant fluid 
with frequent stirring until the pink mangaiu'se phosphate 
changes from a Hocculent slimy preci])itate to a pink crystalline 
heavy one that settles rapidly to the bottom of th(' vessel. When 
cold, filter out the manganese phosphati' and wash it with cold 
water until no milkiness is obtained from the washings on being 
acidulated with a drop or two of nitric acid and tested with a 
drop of silver nitrate solution. 

Add 10 c.c. more of the precipitant to the filtrate and wash- 
ings. If a precipitate forms after several hours, collecd it; wash 
it as in the main precipitate. Dry the two filters containing 
the phosphate. Remove the latter to a large watch glass. 
Cover it. Burn its filter in a weighed i)latinum crucible at a 
low red heat until all black is gone. Now .‘ufd th(' small residue, 
if any, obtained from the filtrate and washings tc'sted with 10 c.c. 
of the phospliate of sodium and ammonium. Wlum this resitlue 
has been burned white at the lowest possible heat, add the main 
phosphate precipitate and ignite it very .slowly to prevent loss 
by dusting due to liberation of ammonia. Then raise the heat 
to redness until all carbon is gone. Weigh the precipitate as 
Mn 2 P 207 . Dissolve the same in 1 : 1 hydrochloric acid, and if 
the solution contains any insoluble matter such as silicic acid, 
filter it out. Wash it. Ignite and weigh it. Deduct the weight 

* Add only enough of the 1 : 1 ammonia, at first, to produce a slight 
milkiness. Stir the boiling solution until this milky precipitate becomes 
heavy and crystalline. Then add the balance of the ammonia, slowly, and 
with constant stirring to the boilmg solution, making sure that an excess of 
ammonia is used. 
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from the weig:ht of the Mn 2 P 207 , multiply the remainder by 
38.69 and divide by the weight taken for analysis to obtain the 
per cent of mangane.se. 

If the quick nickel 'rest (see Chapter IX, page 228) shows that 
considerable nickel or copix'r is pre.sent, these elements should 
be removed by hydrogen sulphide before making the phosphate 
precipitations. This can be done as follows: Make the filtrate 
from the iron hydroxide slightly acid with acetic acid and pass 
H 2 S through it until the sulphides collect and settle out well; 
filter; wash with H 2 S water; concentrate the filtrates and wash- 
ings until crystallization begins. Dilute with enough cold water 
to dissolve the crystals; filter again; wash with water, alone, 
and then proceed with the phosphate precipitation of the filtrate 
as in the first gravimetric method. 

Phosphorus 

The precipitate of ferric acetate contains all of the phos- 
phorus. It can b(‘ dissolved off the filter and evaporated to 
moist dryness on the water bath. Dissolve the lesidue in 50 c.c. 
of cone, nitric a(‘id. Evaporate to about 5 (^.c. Rinse into a 
5 ounce beaker. Boil with permanganate and finish the phos- 
phorus as in steel. 

The phosphorus may be determined on a separate portion by 
dissolving 1 gram in nitric acid. Evaporate to dryness. Ignite 
to a dull red. Dissolve in HCl. Convert into nitrate. Filter 
and finish as in steels. 


Iron 

Proceed exactly as for manganese up to the point where the 
small amount of iron and manganese (remaining after the silica 
has been removed with HE and H2SO4), has been ignited and 
dissolved and added to the main solution. The total main 
solution will now contain all of the Mn, Fe, Cu, P, and Ni. The 
iron can be precipitated out with ammonia and redissolved in 
1 : 1 HCl and finished for iron by reduction with stannous chloride 
and titration with a standard solution of potassium dichromate. 
Or the iron chloride solution can be taken to fumes with 30 c.c. 
of 1 : 1 H2SO4; put through the zinc reductor, and titrated with 
standard KMn04. See page 365 and page 443 respectively. 
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Copper and Nickel 

Copper and nickel can be dcdennincd by the ferricyanide 
method as in steel (see paj^es 205-208). 

SuLPlU'U 

Sulphur is obtained as in st(‘(‘ls by th(‘ p;raviin('tric method. 


Fehro-Silu’on, Silk’on Spieoei. and Metallk’ Siiucon 

Silicon and Manganese. — Tlu'sc' hi^h silicon materials should 
be fused with sodium carbonate^ and potassium nit i ate. Fuse * 
1 gram with 20 grams of sodium carbonate' intimately mixed 
with 4 grams of finely ground potassium nitrate. Dissolve the 
melt in water in a platinum dish. Transhu’ th(‘ gr(‘en fluid and 
residue to a large casserole, ('over with a watch glass. Add 
an excess of concentrated hydrochloru! acid, ki'eping the vessel 
covered. Clean th(‘ crucible* with a few c.c. of the* same aeid. 
Add the cleanings to the* acidulatiMl fusion. Heat until all 
spraying ceases. Wash off the cover, allowing the* fluid to How 
into the casserole. Evaporate* to elryne'ss ein a graphite eir sand 
bath. Adel 10 c.e. ceinc. hyelre)e*hlori(‘ aeid. Warm, add 100 c.c. 
of water and heat for a half hour, or until all salt is disse)lved. 
Filter. Wash the silicious re*sidue^ fre‘e‘ eif e*hroride* te'st. Evap- 
orate filtrate and washings again to elryness. Dissolve*, filter and 
wash as before. Dry the two ivsielues ejbtaineel from the first 
and second filtrations. Ue)ast e)fY the* paper from them at the 
lowest pe)ssible heat to pre*vent le)ss of silica. Then gradually 
raise the heat and blast the residue's in a weighed platinum 
crucible until the weight of the* ash is cejiislant. Moisten the 
silica, which should be white*, with a few elrops of sulphuric 
acid. Fill the crucible nearly full of hydroHuoric acid. Add 
the latter cautiously, at first. Evaporate and finish for silicon 
as in steels. It is safer to evaporate a see'ond time with hydro- 
fluoric and sulphuric acids, using about onc-thirel as much hydro- 

* Fuse 0.5 gram in an iron crucible with a mixture of 4 grams of sodium 
peroxide and 8 grams of sodium carbonate, if silicon, only, is required. Run 
blanks 
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fluoric acid as was used in the first evaporation, to make sure 
that all silicon has been volatilized. 

Manganese and Iron. — The filtrate from the second evapora- 
tion to dryness should Viow be divided into two equal portions.* 

First Portion 

Phosphorus and Sulphur. — Precipitate with a slight excess 
of ammonia. Wash the precipitate with water. Dissolve it 
off the filter with hot concentrated hydrochloric acid, using a 
little sulphurous acid if necessary. Convert this solution of the 
iron into nitrate; boil with a little permanganate and finish 
for phosphorus as in steels, cal(;ulating the percentage on a half 
gram basis. 

Sulphur. — The filtrate from the ammonia })recipitation is 
made slightly aciid with hydrochloric acid. The sulphur is pre- 
cipitated with l)arium chloride and finished as in steels. Deduct 
a blank obtained on all of tlu^ fluxes and acids. If it is desired 
to use a larg(‘r amount of sample for sulphur, it can be deter- 
mined alone on a 1 gram quantity without dividing into two 
portions. 

Se(’Ond Portion 

Manganese and Iron: Manganese. — This portion is evapo- 
rated to fumes with sulphuric a(!id. The iron is precipitated 
with ZnO and filtered out. The filtrate is finished for man- 
ganese as given for high manganese in soluble ferro-titanium of 
high manganese content. (Page 59.) 

The Iron. — The iron and zinc oxide residues on the filter are 
dissolved off with hot sulphuric acid and reduced with zinc and 
titrated for iron in the same manner as given for iron. (See 
page 365. See also page 443.) 

t The Carbon. — The carbon can be obtained by combustion 
of 0.5 gram of the ferro-manganese, etc., with 4 grams of red 

The residue in the crucible after the volatilization of the silica with HF 
is quite likely to contain a little iron and manganese. It sh6uld be dissolved 
by warming with a little 1 : 1 HCl and added to the filtrate from the second 
evaporation to dryness before the same is divided into two portions. 

t The carbon of ferro-silicon should be determined on a small quantity 
of the material on account of the great heal generated. Do not burn more 
than 0.500 gram at a time. Use 4 grams of the red lead. 
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id; or litharge is ec^ually good as a substitute for the red 
id. 


^STILTS OF A COMPLETE ANAI.VSIS Of^ FEItKO-MANGANESE 
“B. H. No. I ’’ 



For ('cnt 

II 

I’l'r ( '('lO 

,rbon . 

7 15 

Nirkcl 

0 0«Mi 

anganaso 

SO 72 

i (’opper 

0 040 

losphorus 

0 IS 

'I'ltMimirn 

0 045 

Iphur 

0 028 

l' Iron 

10 7S 

icon 

iromium 

0 45 

0 015 

Tin 

0 025 

inadium 

0 on 

II 

00 57 



CHAPTER X 


Part II 

RAPID VOLUMETRIC DETERMINATION OF MANGANESE IN FERRO- 
MANGANESE ORES AND HIGH MANGANESE STEELS, BEING A 
QUANTITATIVE SEPARATION FROM COPPER AND NICKEL 

Dissolve 0.500 gram sample in 50 e.e. 1 : 1 HCl, in a No. 5 
dish; heat a few minutes; then oxidize solution with 0.5 gram 
KCIO. 3 , using heat; add 50 e.c. 1 : 3 II 2 SO 4 , and take to heavy 
fumes. Cool; redissolve in 100 e.e. water together with 10 c.c. 
1 : 3 H 2 S() 4 , heating until all salts are dissolved and only a 
floating residue of silicic* acid and carbon are left. Filter (add 
a little pulp); wash with dilute sulphuric acid wash until free 
of iron test. Burn otT this residue which should be pure white. 
If the residue is colored it is weighed; and evaporated with HF 
and H 2 S ()4 acids; ignited and weighed again, getting total 
silicon in the usual way by loss of wc'ight. 

The residue lef^ in the crucible is dissolved in a little HCl, 
and fumed with a few drops of H 2 SO 4 , to remove HCl. Dissolve 
the residue in crucible in water by heating and add the solution 
lo the original first main filtrate which will now contain all of 
the manganese, copper, and nickel that are in the alloy. 

The main filtrate is made nearly neutral with ammonia. 
The ammonia is added until a faint cloud of iron hydroxide 
is obtained that will not dissolve on persistent stirring. Add 
a few drops of H 2 S() 4 , which should render the solution per- 
fectly clear. Now add 5 grams of ammonium persulphate 
((NH 4 ) 2 S 2 O 8 ); heat until a dark brown precipitate forms; 
boil fifteen minutes, and let settle for thirty minutes; pour off 
clear liquid without disturbing the main precipitate. Wash the 
precipitate out of beaker onto the filter. Then wash filter and 
precipitate with cold water twenty-five times. 

Transfer filter and all precipitate to original 500 c.c, beaker; 
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add 50 c.c. 1 : 'A H 2 S(^ 4 , to all tests at the same lime. Then titrate 
with standard ferrous aminoniuin sulphate with eonstant stirring, 
until the manganese precipitate is dissolved and the solution is 
clear. Back titrate the ex(Tss of ferrous amnioniuni sulphate 
with standard KMn ()4 solution. Use th(' standard solutions as 
given for titration of chromium and vanadium in steel, I c.c. 
of these solutions should e(|ual about 0.00137 gram of metallic 
manganese. Results on high ferro-manganese should check as 
follows: 

No. 1. Ferro Mn, 0.5 gram gave 79.20 per cent Mn. 

No. 1. Ferro Mn, 0.0 gram gave 79.45 i){'r cent Mn. 

Standardize against a ferro-manganese of known manganese 
value or against a mixture of c. p. KMnOi and steel drillings 
put through all operations, c. p. KMnt )4 can usually be taken 
as 99.5 per cent pure, i.e., 34.777 per cent MnXO.995 equals 
manganese content of KMn() 4 . Check the KMn 04 against 
sodium oxalate before using it or against c.p. oxalic- acid. 

The following scheme given for o.xalic acid can be used equally 
well for sodium oxalate. Tlu^ latter salt keeps better than the 
oxalic a(U(l. 

Di.ssolve 1 gram of the permanganate in 150 c.c. of distilled 
water, acidulated with 100 c.c. of 1 : 3 sulphuri(! acid. Warm 
the solution dtnlithj, and add to it 2.0107 grams of the oxalic 
acid, dissolved in 150 c.c. of distilled wate^. Warm the solu- 
tions a little, if neces.sary, until the mixture of oxalic and per- 
manganate has become colorless. Titrate the colorless solution 
with a dilute permanganate standard of known oxalic value. 
The one irsed in the analysis of crucibles and plumbago answers 
very well. 1 c.c. of this standard equals 0.00144 gram of oxalic 
acid (see Analysis of (iraphite, XVI, page 397). Suppose 25.5 
c.c. of this standard are required to render the decolorized mixture 
a slight pink that will remain permanent for thirty seconds, 
therefore 25.5X0.00144 or 0.0367 equals the excess of oxalic acid 
in the mixture. Hence 2.0167—0.0367=1.98, or the amount of 
oxalic acid oxidized by the 1 gram of the permanganate. By the 
equation 

2KMn04+5H2C204+3H2S04 

= K2S04+2MnS04+8H40+10C02. 
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we have 31().3 grams of KMnO4 = 630 grams of H2C2O4-I-2H2O, 
or oxalic multiplied by 0.502 equals permanganate; 1.98X0.502 
= 0.99396, or the 1 gram of permanganate contains 0.9939 gram 
of 100 per cent KMn()4. The precaution must be taken to use 
sulphuric acid that does not bleac^h permanganate on warming a 
few drops of the dilute permanganate standard with 150 e.c. of 
the acid. 

The foregoing scheme is the author’s adaptation of G. v. 
Knorr6’s persulphate method for manganese in iron, steels and 
ores. It is a quantitative separation of Ni.* 

Von Knorrc credits H. Marshall f with precipitating man- 
ganous sulphate solutions with K2S2OS as Mn02 and that H. 
Marshall in his later paper, “Detection and Determination of 
Quite Small Amounts of Manganese,” J finds that on warming 
manganous solution with silver nitrate that permanganic ac'id 
is formed; and in the same paper by heating manganous sulphate 
solutions with persulphate, under the conditions as given, that 
manganese is separated out, quantitatively. 

Von Knorr6 states that under these conditions cobalt is 
precipitated also with the manganese, and interferes, and must, 
therefore, be removed by H2S or some other method. That he 
did not succeed in getting a quantitative separation of either 
nickel, copper, or zinc, but that these three elements do not 
interfere with the quantitative determination of the manganese. 

The precipitatiop of the manganese takes place as follows: 

MnS04-h(NH4)2S208-f3H20 

= Mn02 H204 (NH4)2S04+2H2S04. 

*Z angew Chem , 14, 1149 (1901) 
t J Chem. Soc , 1891, 59, 8. 771-786. 
t Chem. News, Bd. 83, 1901, 8. 76. 
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Part III 

DETERMINATION OF BORON IN IRON 

The method of Wh(‘rry * was applit'd to the determination 
of small percentages of boron in iron by .1. M. Lind^ren.f He 
states that he found th(' principles as set forth by Wherry to be 
entirely feasible, Lindgreti proceeded in the followiiij^ way: 
“Three grams of iron are dissolved in a round-bottom flask 
of 800 c.c. in a mixture of 10 (‘.c. each of 1.4 sp. gr. nitric acid 
and 1.2 sp. gr. H(d. When solution is compkde, cool, and pre- 
cipitate the iron with dry c. p. calcium carbonate to a pa'ty 
mass. At this stage the volume should not be much over 30 c.c. 
Now add, all at once, twice as much more cahmnn carbonate and 
stir vigorously. 

“The pasty mass of precipitated iron, etc., is now diluted 
with about 300 c.c, of water. This wat(*r must be carbon-dioxide 
free. Attach a reflux condens(*r to th(‘ fla.^k, start the water 
through the condenser, and then bring the contents of tlie flask 
to the boil and continue boiling until the ('(>2 is removed. At 
least thirty minutes’ boiling is na'ommended as suffi(!ient to 
remove CO 2 .” 

The next operation is to filter out the iron hydroxide. Lind- 
gren recommends that acid-washed asbestos be mixed in with 
the hydroxide of iron to aid in the filtration and washing of the 
hydroxide. Add the filler in a wet condition, and use 50 c.c. 
of the boiling hot wet fiber. Boil the mixture of hot wet fiber 
(which is boiled a while in water before it is mixed in the iron 
precipitate) and hydroxide of iron for several minutes. Filter 
by suction. Lindgren recommends the use of a 15 cm. diameter 

* Jour. Am. Chem 80 c , 30, 1687 (1908). 
t Ibid., 37, 1137 (1915). 
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Buchner funnM and a splash trap. Wash the precipitate ten 
times with boiling water. 

The filtrate and washings in the flask are cooled and titrated 
with N/10 KOH (fre'e of carbonate). After a few drops 
of phenolphthalein are added, add the alkali standard until a 
pink color appears. Now add 'l gram of marinitc and (continue to 
add KOH until a second pink is obtained. To make sure that 
the reaction is completes, Wherry recommends to add moie 
mannite. If this causes the pink color to disap{)ear, the rea(;tion 
is incomplete. Then add more of the KOH standard, a few drops 
at a time until a pink color is again obtained. Again add 1 gram 
of mannite and if the pink color does not again disappear, the 
reaction is complete. 

Blanks must be run, using steel or iron free of boron, adding 
to the same known amounts of a standard solution of fused 
boric acid. 3.5 grams of the fused boric acid dissolved in 1 liter 
of water, free of CX)2. The boric acid is fused in a platinum 
dish. Do not use por(‘elain. Lindgren gives the relation between 
1/10 N KOH and the boric acid solution as 8.75 c.c. KOH 
requires 8.68 c.c. of the B2O3 solution. 

Lindgren states that if the pi’ecipitation of the iron with 
calcium is properly carried out, as described, no boric acid will 
remain with the iron hydroxide. He gives the following rec'overics: 

Per cent boron taken 0.038 0 188 0 424 0 850 

Per cent boron k^und . 0.044 0 194 0 388 0 840 

Having read Wherry’s original article on “The Deteimination 
of Boric Acid in Insoluble Silicates,” the author believe.s it 
advisable to give the following points from it: If the mineral 
is fused with an alkali carbonate and extracted with water, 

boric acid will remain in the water-insoluble residue. If, on the 

other hand, the fusion is dissolved in acid, and the iron, etc., 
are precipitated with ammonium, boron will be carried out with 
the hydroxides, to which it persistently clings even after several 
reprecipitations. Hence the use of calcium carbonate to separate 
the hydroxides. 

Wherry fuses the mineral with 3 grams of sodium carbonate 
for fi^een minutes. Dissolves in 20 to 30 c.c. of dilute HCl; 
adds a few drops nitric acid to oxidize any ferrous iron; places the 
whole solution in a 250 c.c. round-bottom flask; heats nearly to 
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boiling; and adds dry pn'cipitated ralciiim rarbonate and con- 
nects the condenser and boils for ten minutes. He filters out 
the precipitate, washes it with hot wat^'r, ki'eping the volume 
below 100 c.c. He returns (h(‘ filtrate* ami washings to the 
boiling flask; .idds a pin(‘h of cjijcium eaihonafe; connects the 
condenser and boils again. If the* jiivcipitate has a red (!olor, 
filter it out; wash; add 4 to 5 drops of phenoliihfhalein solution, 
and titrate the filtrate slowly with the alkali standard to a pink. 
(Wherry uses 1 10 N NaOH) as aln'ady described, adding 1 gram 
mannite, etc., until a permanent pink is obtained. 

Boric acid should never be boiled ope'iily, as it is very volatile 
in steam, hence the use of the condenser, t'or a return comh'nser 
a simple straight tube about 2 cm. wid(' by 75 cm. long is recom- 
mended placed vertically through tin* sfoppia* of the boiling flask. 

The bulk of the solution should be small for the titration, 
as the end-point is not very sharp if the lifiuid is too dilute. 
Finally, just before titration all free ( 'Oj must, be removed. 
This is done by attaching the suction to the filt(*ring flask, first 
removing the Buchner filtering funnel. The filtering flask is 
closed with a solid stopper, and the suction again apj)lied. This 
should produce a further l)oiling without any more heating and 
the free CX )2 is sucked away. All FO 2 and bic'arbonates must 
have been removed or the titration will give* a low value. (Con- 
tinue the suction until all fine bubbles civise to form due to the 
reduced pressure. Suction must be applied* cautiously or the 
hot liquid may boil over. 

To insure the complete decomposition of any calcium bicar- 
bonate, and to make certain that all sesquioxides are completely 
precipitated, the solution to which the dry calcium carbonate was 
added must be boiled for at least ten minutes. Indeed, in 
minerals containing much iron, some of the latter may still 
remain in solution. A little calcium carbonate should be added 
to the first filtrate and washings from the main iron; boil; filter; 
and wash again. 

To hasten filtration when the precipitate is large, Wherry 
u^ed an 8 cm. Buchner funnel, covered first with a layer of 
asbestos and then by a large filter paper folded around a bottle 
of a slightly less diameter than the funnel. A single stirring with 
hot water is said to be enough. The filtrate and washings must 
be small as the end-point is not sharp in too dilute a solution. 
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After the prolonged boiling (with condenser) to decompose all 
bicarbonate and precipitate the sesquioxides, the free CO 2 is 
removed by suction. The mouth of the flask is plugged with a 
solid stop[)er and the suction is applied. Use a splash trap to 
prevent lo.ss of fluid by spraying or boiling up when the pressure 
is reduced. When the temperature has fallen to about 50°, 
the suction is stopped by disconnecting the pump. 

The sodium hydroxide (or KOH) u.sed in the titration can be 
freed of ('(>2 by the method of Winkler. The carbonate is pre- 
cipitated by adding barium chloride to a measured amount of 
the NaOH. Now titrate the NaOH with a standard acid, using 
phenolphthalein as an indicator. 

In titrating the boric acid by the present method, the excess 
of calcium chloride in the solution will immediately precipitate 
all of the carbonate from the alkali standard, producing a slight 
turbidity. The first drop of alkali added to the solution con- 
taining the boric acid should produce at once a distinct pink 
which will disappear on stirring. If no pink is obtained, it shows 
that calcium bicarbonate is still present, having escaped decom- 
position, in the boiling. In this case acidify the solution; add a 
slight excess of calcium carbonate and boil again. 

The use of rnannite is much to be preferred to glycerole. 
Jones is credited with first using inannite. Mannite is said to 
give a sharper end-point and mu(;h less of it is needed. The c.c. 
of alkali used, multiplied by 0.0035, gives directly the amount of 
boric acid (B 20 ;{) present. 

Wherry states that, in some ca.ses, it is necessary to redissolve 
the iron and reprecipitate it with the calcium carbonate to insure 
the complete separation of the boric acid from the hydroxides 
formed, performing these operations three or four times. Filter 
and wash each time and determine the boric acid in each set of 
filtrates and washings, summing all together to get the total. 
Lindgren claims this is not necessary. Most likely Wherry is 
right when large quantities of iron, aluminum, and boron arc 
present. 

2B203"f*Na2C03 = Na2B407TC02. 
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Part I 

THE DETERMINATION OF CARBON IN IRON AND STEEL BY 
DIRECT IGNITION WITH RED LEAD OR LITHARGE * 

The author’s experience with this method for the deter- 
mination of carbon, together with some notes, may prove of 
interest. 

The solution of steel drillings containing large percentages 
of chromium, tungsten or molybdenum in double chloride of 
copper and potassium causes more or less loss of carbon as hydro- 
carbon. Especially sensitive to such loss are the carbides that 
are separated by the double chloride from steels in which are 
10 or 12 per cent of molybdenum together with several per cent 
of chromium. 

These carbides may lose some of the carbon by contact with 
dilute acid, or with the oxygen of the air during washing with 
suction, or during the subsequent drying of 'the carbide at the 
temperature of boiling water. 

In the spring of 1900 the writer made an analysis for carbon 
of a steel containing 3.8 per cent of chromium, applying the 
ordinary method f of dissolving the borings in acid double 
chloride of copper and potassium, filtering on an asbestos plug, 
washing the carbide residue alternately with distilled water and 
a mixture of one part of hydrochloric acid and twenty parts 
of water. The residue was then washed with water, alone, to 
remove the acid. After drying the washed carbide in a water 
oven, it was burned with purified oxygen in a red hot porcelain 
tube containing about 13 cm. of copper oxide. The products of 

* A preliminary paper was read at the December, 1905, meeting of the 
Pittsburgh Sect on of the American Chemical Society. 

t See pages 297 to 301. 
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the combustion were passed through granulated zinc of 20-mesh 
fineness, then through anhydrous calcium chloride, and then 
through phosphoric anhydride. The purified carbon dioxide was 
absorbed and weighed in potash bulbs. Duplicate analyses by 
this method failed to check. 

A scries of analyses of these borings were made. The acid 
wash when used was alternated with distilled water, and the 
washing was then completed with distilled water, alone, to 
remove acid. 



Kind of Wash 

Washing-?, 

Number 

C arbon Found, 
Per Cent 

1 

20 parts H 2 O to 1 part H(3 j 

20 

1 65 

2 

1(X) parts H 2 () to 1 part H(3 

20 

1 52 

3 

100 parts H^O to 1 i)art HCl, 

2 

1 909 

4 

100 parts H 2 O to 1 part 11(4 

2 

1 943 


In August, 1902, the process used in the foregoing, (3) and (4), 
was applied to a steel containing 4 per cent of chromium and 
4 per cent of molybdenum with the following absence of agree- 
ment : 

First analysis gave 1.28 per cent carbon. 

Second analysis gave 1.53 per cent carbon. 

Third analysis gave 1 33 per cent carbon. 

Fourth analysis gave 1.29 per cent carbon. 

The thought occurrctl that perhaps the carbide obtained 
from molybdenum steel gives up part of its carbon as hydro- 
carbon on being brought into contact with the air during stirring. 
No heat was applied to hasten the solution at any time. A 
number of trial analyses were made in which the time of stirring 
was varied and also the acidity of the copper and potassium 
chloride solution. In the following, 2 grams of the drillings 
were dissolved in 180 c.c. of the double chloride solutions. By 
acid solution is meant a solution prepared by dissolving 600 
grams of double chloride of copper and potassium in 1500 c.c. of 
distilled water acidulated with 175 c.c. of concentrated hydro- 
chloric acid. By nearly neutral solution is meant the same as 
the acid solution except that but 25 c.c. of concentrated hydro- 
chloric acid were added to the 1500 c.c. of distilled water. 
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The neutral solution consistod of 600 grams of the double 
chloride, 1500 c.c. of distilled water, and no acid. The results 
obtained are given in the following table 


STEEL CONTAININt; 4 l‘ER (MINT MOLYBDENUM AND 4 PER 
('ENT CHROMIUM 


1 

Jviiul of St(‘('ls 1 

Kinil of Soh put j 

1 

Tmu- of 
.StimiiK, 
Miiiutra 

'I'niu- in tlin 
, Soh flit with 
No .Stirmut, 

Hon I, a 

Pproentaue 
of ('artion 
Found 

No. 1 SAM'l 

and ^ 

20 


1 53 

No. 1 stc(4 

‘ ‘ 

20 


1 48 

No. 1 st('<4 

‘ ‘ 

10 


1 G4 

No 1 fttc(4 

“ 


12 

1 49 

No. 1 steel 

‘ ‘ 


24 

1 52 

No 1 steel 

nearly neutral 

s 


1 00 

No 1 steel 

‘ ‘ 

s 


1 55 

No 1 sO'el j 

and 
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1 00 

No 1 st('el 

iKMitral 

1) 


1 593 

No 1 steel 

‘ ‘ 

(•> 


1 000 

No 2 steel 

neutral 

i 


1 079 

No 2 steel 

‘ ‘ 

(> 


1 734 

No 2 .steel 

and 

4 


1 758 

No. 2 steel ' 


4 

1 

1 00 


A combustion of the t p(‘r cent chromiun\ \ \)vr cent molyb- 
denum steel (No. 2), by the red lead process described below 
yielded 1.734 per cent carbon. 

An examination of the foregoing table shows that both in the 
No. 2 and the No. 1 steels the high(*st result was obtained when 
the acid solvent was used, and also tin; lowest results. 

Short stirring gave bidter agreements than the longer periods 
of stirring, but had evidently not eliminated all of the causes of 
loss. Perhaps there is loss of carbon when the carbide is being 
dried in the water oven. Further, it is practically impossible 
to regulate the suction so as to ’expose the residues, during wash- 
ing, to exactly the same amount of air in each analysis. 

Two grams of the No. 2 steel were stirred twenty minutes 
with 180 c.c. of the acid solution, then transferred to the asbestos 
plug. Air was next drawn through the residue for fifty minutes; 
the amount of carbon obtained was 1.347 per cent. Two deter- 
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ruinatious of the same steel were made with sixty minutes’ stir- 
ring but with the least possible exposure to air by suction; 1.63 
per cent and 1.68 per cent carbon were found. In view of these 
results the practice was adopted of always keeping a layer of 
distilled water over the car))ide during the washing. As soon 
as 011(5 layer, or covering of water, was drawn off, another was 
immediately supplmd. 

This treatment was applied to a group of ingots containing 
11 per cent molybdenum and some chromium. The neutral 
solution gave the higher results, as shown by the following table: 



Neutral C’arbon 

Per OiU ('arl)uii 

I’tT (’(‘lit Carbon 

0 52 

0 GO 

0 4G 

0 5G 

0 5;i 

0 50 


The same process of short stirring and least possible exposure 
of the carbide residue to air by suction, togetluT with the use of 
a neutral solvent, was adopted for a series of ingots containing 
12 per cent molybdenum and several per cent of chromium. 
It failed almost completely. For convenient comparison the 
results obtained in these latter experiments are shown in a column 
parallel to those obtained, at a later date, from the same sam- 
ples by the red l(‘ad combustion method. (Page 261.) 

One well-known laboratory obtained 0.72 per cent carbon, 
and another, equally experienced, reported 0.64 per cent carbon 
on the S. H. S. sample. 

This untrustworthiness of the double chloride proce.ss for 
separating carbon in steel of high molybdenum and chromium 
content led to a search for some method of obtaining the jx^rcent- 
age of carbon by burning the entire substance. Having about 
this time noted Hrearley and Ibbotson’s statement that steel 
drillings that will pass a 20-niesh sieve and have been mixed 
with about three times their weight of red lead can be decar- 
bonized in a red hot porcelain tube, it was decided to attack 
the molybdenum steel in this manner. The results obtained 
from the molybdenum steels are given in the table below and 
need no comment: 
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Samnlc* 12 Pur Ont M > 
Stool C otitaininc O 

No. 1 . 

No. 2 

No. 3 

No. 4 

“2d trial ’■ 

No. 5 
No. 6 

S. H S 

No. 7 

No. 10 

No. 11 


Kosults Obtained RoftultB obtained 
bv the Noutra! hv I ho 

Solution Por I Hod I oiul I’rorons 
Cent (”u|hon | Por Ont Carbon 

f 0 .•)! 

• \ 0 72 

I 0 K1 
\ 0 51 
, 0 (it) 

^ 0 40 
i 0 51 
' 0 51 
1 0 5S 
fO 17 
I 0 (11 
fO (11 
> 0 ss 
0 10 

M) (10 ss 
0 ( 1(1 

[ 0 (IS 75 
/ 0 ( 1(1 
\ 0 52 
^0 75 
I 0 7’) 

I 0 (12 

f 0 72 
' 0 52 


0 SO 
0 70 

0 70 


0 S2 


0 SI 

/ 0 88 
1 0 85 
f 0 SS 
\ 0 87 
0 73 


0 01 

0 939 

1 00 


0 80 


Th(^ met hod was first applif'd to plain earbon stools, pig iron, 
and white iron, and was found to ho porh'otly aoourato. 

After more than eighteen months’ daily us(‘ of the rod h'ad 
for the determination of earbon in stool, pig iron, alloy steels, 
and ferro alloys, i. e., in 1905, the details that have b(‘en found 
useful and reliable are as follows: 

If part of the borings are eoarso, the thin curly portions or 
30- to 60-mesh sievings are selected. Two grams of such drillings 
and 2 grams of the red load are weighed into a glass-stoppered 
60 c.c. weighing bottle. The bottle is then shaken to mix the 
drillings and lead oxide. 

The steel sample submitted for analysis is drilled with a flat 
or diamond-pointed drill. This style of drill will grind many 
of the drillings to 20-mesh fineness in the case of .soft or annealed 
steels. If the steel be unannealed and of a carbon content 
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ranging from about 0.35 por (*cnt rari)on and higher, thin curly 
drillings are obtained which decarbonize readily by reason of 
thinness. If the drillk.igs do not exccvd 20-mesh, as in siftings, 
4 grams of red lead will completely decarbonize 4 grams of the 
steel. Care is taken at all Ernes to cover bulky drillings with 
the oxide of lead, as any drillings that proji'-t above the main 
body of the charge are likely to escape oxidation. 

For soft steels and annealed steels two sic'vi's are used. One 
has a 20-mesh gauze and the other one a OO-mi'sh gauze. Those 
drillings that pass the 20-mesh gauze but do not pass th(‘ 6t)- 
mesh sieve are used for analysis. 

This arrangement rejects the tine dust and the thick drillings. 
When very small pieces of steel are received tlu'y an' di’illed with 
1^6 inch diameter twist or straight drills. All sizes of the Hat, 
or diamond point, drills are kept at hand from J inch diameter 
to I inch. Any good mill blacksmith can make' th(' Hat drills. 
By these means it. is rarely, if ('ver, necc'ssary to resort to the 
copper and potassium chloride separation of the carbon. In the 
laboratory of tlu' Park Ste('l C'o., wlu're many combustions are 
made each day, covering a range from 0.01 to 3.5 percent carbon, 
the writer does not recall mon' than a single instance in a year’s 
time when it was ncce.ssary to resort to the double (‘hloride 
process. 

The mixture of lead oxide and drillings is transferred from 
the weighing hot fie to clay boats. ^ TIk' size, 15X75 mm., is 
mostly used, being convenient. The boats are slipped into f 
clay tubes \ of f inch inside diameter X 24 inches long. Two 
furnaces with their tubes are operated at the same time. For- 
merly, the outlet ends of these tubes were tilled for a distance 
of 125 mm. with granulated copper oxide. Later the copper 
oxide was found to be unnecessary. Oxygen is used during 
the combustion. It passes through a jar containing pieces of 
caustic potash (Fig. 4). It next bubbles through a solution of 

The author now uses the clay boats for all combustions, and clay tubes, 
t Three-quarter inch inside diameter fu.sed silica tubes are very desirable 
for this work. The litharge fumes and spills, however, will, in time, destroy 
them. The author sometimes uses a small inner cylinder of platinum just 
targe enough to hold the boat. Iron oxide will flux silica tubes. (See clay 
tubes, page 294.) 

IThc author is now using tapered clay combustion tubes. (See page 291.) 
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potassium hydroxide eontainod in a safety apparatus (Fig. 5), 
and is then dried in jars of soda-lime and ealeium chloride of 
the design given in Fig. 4. This drying and purifying apparatus 
can be readily arrangial and se<‘urely fastencal in a space 250 X 0)6 
mm. 

The combustions are operate! f m the usual manner. The 
tube is heated to a yellow heat (OSt)'^ (\). 'Flie combustion tubes 
are constantly kept hot so that tin' combustion comm(‘nc(\s almost 
as soon as the stopp(‘rs iuv. in.siatc'd. Whih' th(‘ boats are bi‘ing 
charged the oxygcMi is passing slowly through tlu' tub(‘s and thi' 
weighing and absorbing ap])aratus which has Ikhmi pivvioiisly 




weighed and atta(;hed. (This weighing apparatus is shown in 
I'ig. (). It was designed by the writ(‘r as a substitutes for the 
dilTerent feu’ius of j)otash bulbs now in the* maikest. It is made 
of heavy glass. It is easily k(‘pt chain, is not top-hiaivy, and does 
not occupy much spaces in a balanea* eatsea) As soon as the 
steel begins to burn, there is, at first, a rajiid evolution of gas 
which quie'kly e’eases. IVIeire oxygen is then turned into the 
apparatus from the steel cylinder so that a slow bubbling is main- 
tained through the weighing apparatus. When the oxidation of 
the charge is completed, the‘ oxygen besgins to rush through the 
apparatus at a high rate of speed. The flow of the gas is quickly 
checked to a normal rate, that is, it is checked so that it passes 
through a safety apparatus (Fig. 5) at a rate of about twenty-six 
bubbles per ten seconds. The stream is evenly distributed to 
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the two combustion tubes by means of a Y-tube and screw pinch- 
cocks. The stream passes through the weighing apparatus 
(Fig. 6) at the rate of 250 c.c. every ten minutes, which is the 
normal speed. When the combustions arc completed in both sets 
of apparatus, as indicated by the passage of the gas at a high 
rate of speed, the normal is then maintained through the hot 
tubes ten minutes longer to insure complete oxidation and that 



all of the carbon dioxide has been carried to the weighing appa- 
ratus. The products of the combustion pass through a purifying 
train shown in Fig. 7. The train connects with the glass 
tube leading from the outlet end of the combustion tube, 
by means of heavy combustion rubber tubing, at H. The gases 
pass through the cylinder / which contains a column of granu- 
lated zinc of 20-mesh fineness. The use of granulated zinc to 
remove acid and chlorine in carbon combustions was first sug- 
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gested by Dr. P'.dvvard S. Johnson. Gylindor / is 254x13 mm. 
The zinc is held in place with plugs of gla.ss wool. Tlie gases 
next enter a cylinder J which contains a column of phosphoric 
anhydride. The phosphoric anhydride powder is held in place 
with plugs of ignited asbestos. G^vlinder J is 178X13 mm. 
Glass wool plugs should not be us('d in as they become clogged 
after a few combustions. Ignited asl3cstos is free from this 
objection. 

The carbon dioxide, which is now freed from litharge and 
sulphur, and any acid fumes by zinc, and from any moisture by 
the phosphoric anhydride, enters the weighing apparatus L The 
weighing apparatus is charged with 20 v.v. of pota.ssium hydroxide 
consisting of one part of caustic potash dissolved in 1 part of 
water. The drying tube C, Fig. 7, is filled with small pieces 



of dry caustic potash obtained by quickly cracking dry sticks 
of caustic potash in a porcelain mortar. Each end of the drying 
tube C contains a plug of asbestos or glass wool. Before inserting 
the rubber stopper in C, care must be taken to free the surface 
of the tube C from any moist caustic potash, as potassium 
hydroxide causes decomposition of rubber, resulting in con- 
tinuous loss of weight. 

During the passage of the oxygen the outlet 0, Fig. 7, is 
protected from the ingress of moisture or impure air by a guard 
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tube filled with small pieces of caustic potash. This guard 
tube is not shown in Fig. 7. All parts of the apparatus shown 
in Fig. 7 are connectec^ by heavy wall pure rubber tubing. 

When the combustions are completed the weighing apparatus 
is detached from its train, at^l the outlet of the train is closed 
with a glass plug. 

It is accurate to weigh the absorption apparatus (Fig. 6) 
filled with oxygen and thus avoid aspirations. In this way 
combustions can be carried through in twenty minutes. 

* The red lead used in this work must be thoroughly mixed 
and ground free of lumps before its carbon content is deter- 
mined. The so-called pure red lead costing about nine cents 
per pound in bO-pound lots is found satisfactory for the purpose. 
Blank combustions with 4 grams of red lead are at present 
yielding 6 mgs. of carbon dioxide which are deducted from each 
determination. Blank combustions or analyses of standard 
steels should be made each day. Th(' red lead is kept in tightly 
stoppered bottles. 

Zirconia composition tubes, tapered tubes, hav(' becm in use 
for several years in the author’s laboratory; boats of zirconia 
also. 

The apparatus shown in Fig. 6 was designed as a safety 
apparatus to prevent the potassium hydroxid(‘ solution from 
blowing over into the rubber tubing from any cause. The 
oxygen enters thei^'hamber K and bubbles through chamber F, 
which is filled to one-third its capacity with potassium hydroxide 
solution consisting of 1 part of caustic potash dissolved in 1 
part of water. F is 35 mm. outside diameter by 170 mm, long. 
Fig. 4 shows a tower or jar that is used as a container for small 
pieces of stick caustic potash for purifying the oxygen. The 
pieces of apparatus shown in Figs. 4, 5 and 7 wore designed by 
the writer to avoid the use of rubber stoppers. 

t The following results attest the accuracy of the red lead 
process : 

* On one occasion a lot of red lead was purchased that was not uniform. 
No amount of mixing improved it. It was rejected. Subsequent kegs gave 
no trouble. Good commercial red lead gives about 0.004 gram of CO 2 per 
4 grams and is very uniform. 

t Reprinted from The Journal of the American Chemical Society (with 
additions), Vol. XXVIII, No. 7, July, 1906. 
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alloy was obtained by burning the alloy with three to four times 
its weight of red lead. (See table at bottom of page 267.) 

A red hot body of copper oxide hastens breakage of com- 
bustion tubes by causin^^ unequal cooling strains when the furnace 
flames are lowered or extinguished for any reason. 

In February, 1006, the copper oxide was first omitted from one 
combustion tube. The space ordinarily occupied with copper 
oxide was filled, loo.sely, with ignited asbestos. The following 
results indicate that the u.se of copper oxide in combustion 
with red lead is unnecessary: 


Srimplf* 


3 square steel 
No. 288 
6S 

No. 1193 
No. 7013 
C. No. 2 
No 2703 
No. 385 
No. 7014 
No. 7013 
No. 1241 
C. No. 3 
No. 7015 
No. 7016 
No. 7017 
No. 7018 
No. 7020 
No. 1200 
Ferro-mangane.se 
Mixture of plumbago and clay 
Pig iron ‘'B ” 


Wif h C opppr 
Oxidp 

Per CViif C'nrbon 

Without Copper 
Oxide 

Per (Vnt Carbon 

1 470 

1 477 

1 175 

1 175 

0 207 

0 207 

0 712 

0 692 

0 520 

QC 

O 

1 18 

1 51 

0 316 

0 309 

0 425 

0 439 

0 396 

0 393 

0 401 

0 397 

0 75 

0 765 

1 281 

1 283 

0.409 

0 407 

0 481 

0 478 

0 312 

0 315 

0 425 

0 43 

0 431 

0 431 

0 73 

0 75 

6 31 

6 39 

45 96 

46 04 

3 61 

3 58 


Sampling— Tvio grams of red lead to the same weight of 
steel are sufficient where siftings of from 20- to 60-mesh, or thin 
curly drillings that can be packed in a close mass are obtainable. 
It is extremely rare that such a sample cannot be gotten; if 
the chemist will only insist that a piece of the steel be sent 
to him instead of drillings that frequently are coated with a 
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film of grease,* or contain hits of papcM’, fine (ihers of wool waste, 
leaf tobacco, blue steel, rust, scale, or clay, he (*an then take 
his own drillings with the pro|K'r absence of variety. f Most 
chemists are aware that the (‘enter of the (Voss-section of a square 
bar or round piece of steel often contains as much as 50 per cent 
more phosphorus, sulphur, and (‘*arbon than the outside part. 
Further, that sheet sU'el just as often varies as much in thes(‘ 
elements, and in spots. Hence, to get an average and fair 
sample, a square bar or a round one should b(‘ drilh'd from the 
surface toward the inside, (‘ith(‘r halfway or all of the way 
through the sample when practicable. 

If for any n^ason the sU'el must be drilh'd on (muI tlum a row 
of holes of egunl depth should Ix' drilled all of the way across 
the section and all of the drilling mixcal tog(‘th(‘r. In lik(‘ man- 
ner a flat bar or sheet should hav(‘ a serKs of hol(‘s of the same 
depth drilled across it from (Hlg(^ to edg(‘. A failure to obs<‘rve 
these precautions often results in disputes between buyer and 
seller. 

It is surprising from what small and hopc'k'ss looking picc'cs 
of steel one can extract enough drillings of th(‘ proper cross- 
section for direct combustion analysis with a good assortment 
of small drills and a little experience. 

The Taking of Drillings or Millings Snitahle for Analysis . — 
In this connection one should r('ad the riMiiarks at the close of 
Chapter XI, Part I (page 271). Fig. S shows a drill pr(*ss ojxirated 
with a direct connected constant sp(M‘d motor of h. p. 
The press is equipped with an adjustabh; vise which can be 
turned at any angle so that small and very irregular pieces of 
steel can be gripped and held immovable during the drilling. 

* Clean greasy or oily drilling.s by repeated extractions with ether. Place 
the drillings in a small weighing bottle and shake them up \v ith enough ether 
to cover them. The ether will become yellow if the drillings are greasy. 
Pour this ether off. Pour on some clean ether and repeat the extraction; 
pour off, and so on, until the ether i.s no longer colored. This process removes 
lint at the same time, as one can readily notice. The fluid will be seen to 
be full of many short fibers, at tinie.s. 

t Another cause of variable results Ls surface decarbonization, or bark. 
When steel shows bark all drillings should be rejected until the drill pas.se3 
through the decarbonized zone. If the sample is too thin for this precaution, 
then the condition of the steel should be noted on the chemist’s report. See 
pages 423 to 429 on the cause of bark. 
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Fig. 8. 


LAI^OHATOHV Mll.LIN(; MAC'IIINK 
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The drill chuck is hirpo onouKh so that the* s{'( screw that holds 
the drill in place does not protrude*, there'hy jereverUing; any 
possibility of the operator getting his sleove caught and his arm 
twisted around the spindle. 'Fo jin've'iit partie'h's of oil or grease 
from getting in the drillings, theveby ruining the same' for the 
deterinination of carlion by combustion, the* author had a large 
disk of sheet iron put on top of the <‘huck as shown, d'his pre- 
caution proved invaluabh*. 

h'ig. t) giv(*s the author’s dcvici* foi- sampling matc'rial that 
cannot be drilled by reason of (‘xtreaiK* thinness ot cross-see’tion. 



Fi(. n * 


At this writing (luite a number of copiers of this tool are in use 
both at home and abroad. 

Laboratory Millino Machine for Sampling Steel f 

In certain kinds of steel the author encounten'd much difficulty 
in getting samples of sufficiently small m(‘sh for the determina- 
tion of carbon by the direct method described by him several 
years ago. 

The trouble was confined to thin sheets, wire, hack-saw steel, 

* On page 274 this milling machine is shown with a power attachment, 
which is preferable when many samplc.s are to be milleL 

t Reprinted from Journal of Industrial and Engineering Chemistry 
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band-saw steel, razor blades, resistance ribbon, nails, and small 
samples of all kinds that are irregular in shape and difficult to 
hold in the drill press vise. 

The machine shown in the illustration afforded a successful 
means of avoiding various tim^consuming expedients. 

The sample D of wire, for example, is held in the vise V-V. 
The millings are taken by means of a cutter, made of the best 
high-speed steel, and arc caught on a piece of cardboard at C. 

The automatic feeding device at A is hastened in its action by 
tightening the screw at B. 

If millings are taken from very small gauge wire, a large 
sample can be obtained more quickly by twisting the strands 
together after cleaning the same with emery cloth, if rusty. In 
this way the cutter mills as many lengths as desired at one time. 
This machine mills copper wire with great ease. It makes 
easy the getting of the large quantity of material required for 
the determination of oxygen in copper, for example. In like 
manner, when it is desired to expedite the taking of large samples 
from extra thin sheets of metal, these sheets can be cut in strips 
with tinner’s shears. The strips from the same sheet can then 
be laid one on the other, clamped in the vise, in layers, and 
all milled at once. 

The milling cutter can be sharpened several times. 

It is desirable, and well worth the small amount of time 
involved, to anneal^all samples received, if they are not already 
in a softened state. This operation can be done in a half hour’s 
time by heating the sample to 800° C. (bright red), quenching 
at once in water and then holding at 620° to 630° C., for twenty 
minutes (low red). Samples that cannot be quenched for any 
reason should be annealed as described under Annealing, pages 
414 to 421. 

The millings obtained by this laboratory tool are not sifted, 
as they are just right for direct determination of carbon by 
combustion in oxygen. 

If the sample submitted is sufficiently rigid, it does not need 
to be held by both ends, as in the case of the sample of wire. 

This machine, as illustrated, has been in use in the writer’s 
laboratory for some years. Since its introduction, the samplers 
no longer dread the appearance of wire and steel ribbon, this 
work being now a mere matter of easy routine. 
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The first cost was a bagatelle coni pared to the saving of labor 
in one month. 

The Taking of Drillings or Millings.— //nn/ and Soft Layers. 
— Samples of steel are frecpiently submitted that consist of w(‘lded 
layers of hard and soft steel, such as soft-center, thr('e-ply knife, 
inserted and overcoat axe bit, jail-bar, safe steel, and “faced” 
hoe. Quite often, when there are but two layers, th(‘ hard one 
can be stripped from the soft one by placing the (Himposite in a 
vise and driving a cold chisel betweiai tlu^ layiM's. I h(^ hard 
strip can be annealed and milled. If strijiping is not feasible, 
then the sample should be annealed and the hard portion drilled 




5 ^ 


with a shallow, diamond pointed, widi^ drill of IJJ inclu's diameter 
at the wings. 

If it is desired to drill a hard layer betweim two soft ones, 
the whole piece can be heated to bright redn(‘ss and quenched in 
water. The soft layers can tluai be machiiKul, or ground off. 
The hard center can then be anneakal and milled. 

It is a little more difficult to obtain drillings or millings from 
a soft layer lying between two hard ones. In such a case the 
cross-section of the steel should be polished fairly smooth and 
etched with 1.20 nitric acid to clearly define the exact depth of 
the layers. The higher carbon zones will be plainly marked as 
black bands while the soft steel will retain its natural color. 
The sample is annealed before the etching is done, so that one 
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of the black layers can be machined away. The white layer can 
then be drilled with a wide, flat drill, after quenching from 1500° F. 

In gencM’al, it is a good thing to etch the polished section of 
samples, as often, by*so doing, hard layers or insertions are 
discovered wlien least, suspecbnl; or curious defects, or sjwts or 
streaks, or segregations an' revealed. 

Test for Segregation, Closed-np Pipe and Flaws . — Segregated 
steel beconu's de(q)ly pittcal, in the segregated parts, on being 
suspended in stifficient 2 : 10 sulphuric acid to maintain a con- 
tinuous evolution of hydrogen for several hours. Polish the 
pi('ce fairly bright and smooth before making the test. Etch 
cold. Photo A shows hidden flaws rev(‘aled by deei) etching. 



CHAPl'ER XI 


Part II 

THE DETERMINATION OF CARBON IN STEEL, FERRO-ALLOYS, 
AND PLUMBAGO BY MEANS OF AN ELECTRIC COMBUSTION 
FURNACE " 

In 1908 it occurml to tho author that a sj'H'cial rosistanca^ 
wire could be applied to th(‘ hi^atin^ of (‘oinhustion tubes. A 
drawing was pn'panal for a furnac(‘ of a nuitih' typi* to heat 
four tubes lying in tlu^ saini' plaiu' and paralUO. 

After some correspondiMice it was agrei'd at first to try a 
single tube furnace. It consists of a steel lub(‘ ‘295 mm. X 70.8 mm. 
containing a non-conducting packing of solid infusorial (‘arth. In 
the center was a quartz tube wound with th(^ patent wire. 
Inside of this tube was placed another of tin; saim^ matmial of 
19 mm. I. D. XOOO mm. long in which th(‘ combustions were made. 

Photo No. 7, page 276, shows the author’.s present combustion apjiaratu.s giv- 
ing the arrangement of two furnaces in paiallel ‘fhe front furnace tram 
at the exit end of the combustion tube is shown. The saini! portion of 
the tram is not shown for the rear furnace, li, H show the author’s 
design in rheostats, 

A. Mercury pressure gauge for detection of leaks and stoppag(‘s. 

B. Safety jar fur potassium hydroxide solution, piipventing solution from 

backing over into rutiber tubing. 

C. Jar for stick pota.s.sium hydroxide or for any solid drier or ab.sorbent. 

D. Calcium chloride jar. 

E. Tapered clay and rubber connector for the charging end of the tapered 

combustion tube. 

F. 

G Electric combustion furnace. 

//, Jar for granular zinc to remove 
Acid fumes, 

Litharge fumes, 

Sulphur fumes, 

Chlorine fumes. 

7. Jar for phosphoric anliydride to remove water. 

J. Absorbent and weighing aiiparatus for carbon dio.xide. 

K. Guard tube — not to be weighed. 

* Reprinted from the Journal of the American Chemical Society (with 
additions), Vol. XXX, No. 5, May, 1908. 
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Photo No, 8, pn^o 278 iDusti.ihc.i No. 11, sh<)\\.s tlu' autlior’s furnace' a.s ho 
built it ulion ni-ciiroino w no could bo bought without also paying a yearly 
hconso on all (Iovkts into which it is put, in addition to the price of the 
wire; No, 1 in this photo is the inorcury proNsitro gauge; No. 2 the KOH 
sah'tyjar; No.Scontains stick KOH, No. 1 contains anhydrous calcium 
chloride; No. 5 shows the rubber shi've connection at the charging end 
of th(' tapered combustion tube of zirconia composition; No 7 .shows 
the author’s design <'f finn.ace with the .solid wliite casing of infusorial 
earth consisting of a split cyhmh’r; No 8 is his /.me jar; No !) is the 
P 2 ( )& jar; No, 10 is his KOJl ab.soipl ion and weighing apparatus and No. 12 
IS a little guard tube filled with small jne'ccs of dry KOH 'I'lns guard 
tube is not weiglu'd The weighing apparatus is shown di.iwn to scale 
in illustration No. lo. 

At th.'it time th(' writer put iti ii stuall d2-()lini rheostat that. 
hai)|)(ui('(l to be at hand, and y\ith about, oiu'-fourth of this n'sist,- 
aiK'e the furnace, on a 22()-volt diri'ct (airn'iit, inaintaiiH'd a 
constant temperature. To secure complete combustion of stet'l 
it is very essential that the lu'.at Ix' maintaiiKal as closi' to DSO” 
to 1000° ('. as possible, i.(\, as htth^ under that tvmpi'ratun' as 
practicable. If the temperature (hops to about 9(M)° or und('r, 
the results obtained an' liable' to Ix' from 0.01 to 0.10 pi'r c('nt 
t(X) low, unlc'.ss red k'ad is mi\('d with the drillings. Hence', if 
one desires to operates with oxyge'ii alone, the nece'ssity of ke'eping 
the temperature from 980° to 1000° (k cjinnot be^ made' tex) 
emphatic. 

The oxygen is purified by passage through fars of stick caustic 
potash, potassium hydroxide .solution, (‘alcium chloride! in the*, 
order named, dlic oxyge'u the'ii pa.s.ses into the ejuartz (fuse'd 
silica) or clay tube, half of which is tille'd lexise'ly with ignite'd 
asbestos. The products of the exanbustion are! jiuritie'd from acid 
sulphur, litharge or chlorine fume's by pa.ssing through a jar eif 
granulated dO-me.sh zine:. The water is removed by a jar of phos- 
phoric anhyelridc. 

Feir steels containing frean O.dO to 1.50 pe-r e*e‘nt e-arbon 1.3636 
grams of fine drillings, not eiver J mm. thick an! taken. For 
still lower perccntagc.s of e'arbon 2.727 grams of drillings of 
not over 20-mesh size are selected. 

The sample is weighed into a clay boat. The steel begins to 
burn by the time the stoppc!r of the combustion tul)e is in place. 
One gram of steel is decarbonized in three minutes and 3 grams 
in six minutes, The burning is continued for ten minutes more 
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with oxygen passing through the combustion tube at a rapid 
rate. The weighing apparatus is detached, wiped and weighed. 
Twenty minutes afford ample time for a single combustion, count- 
ing all operations. • 


Tublnif 



The weighing apparatus and the jars for the purifying train 
are the author’s design, and were first publishetl, in part, with 
illustrations, in the January Journal of the Engineers' Society 
of Western Pennsylvania, 190G, and more fully in the Journal, 
Am. Chem. Soc., XXVIll, 862 (1906). 

While no red lead is necessary for steel combustions, some of 
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the alloys, such as ferro-chrome, carbonless chrome and ferro- 
boron, require that red lead be mixed with the drillings or 
powder to break the metallic bond and i)ermit of decarboniza- 
tion. Ferro-chrome is the most refractory, as from a carbon 
content of more than 4 per cent only 0.2 per cent was obtained 
by burning as in ste(4s with oxygen aloru', at a temp(*rature 
of 940°. Pig iron also rcapiires sonu* red l(‘ad. 

A few of the many compari.sons mad(‘ in this laboratory 
between the combustions in a gas furnac(‘ with nal lead and 
oxyg(Mi and combustion in oxygen aloiu^ are giv(Mi in Table I: 


Satii,,lo 


No 1 Stc(‘l 
“ 1 “ 

‘ ‘ 28S ‘ ‘ 

‘ ‘ 288 ‘ ‘ 


3 

3 

4 
1 


() 

G 

7 

7 

8 
8 
9 
9 

10 

10 


I W Cl -lit of I 

Mct’iod IMillnii-'H I 
I akcM 
OiaiiH I 

EK'cIik* j 4 

K(‘(l h'iul I t 

' El('ctn<* I 2 

i K(‘(l l<‘;i(l [ 2 

i iq<'c(nc I F) 

I lt(‘(l I \ 

’ ITvttic I 11 

i lO'd load 1 \ 

I lOlcctiic I 3 

i Ht'd lead i o 

lOU'ct rie 2 

Red l(‘ad I 2 

l'4(‘ctii(* I 2 

Red lead ! 

tdeetne | 3 

Red U'ad I \ 

l'4(“elrie I 2 

Ited K'.ad i 2 

I'decinc ' 2 

R(m 1 lead i 2 

t]l('elnc i 7) 

R«‘d lead j 1 


\nioiitit of 
ICmI |,cj(J 

1. M-(l 

Ffr Cent 

("'irlioii 

Fouiiil 

xNoIK' 

0 09 

7 grains 

0 09 

None 

1 17G 

4 grams 

1 173 

None 

0 121 

7 grams 

0 111 

Noik' 

0 97G 

4 grams 

0 9G7 

None 

0 109 

7 grams 

0 118 

Noik' 

0 4()9 

1 giams 

0 474 

None 

0 73G 

4 grams 

0 737 

None 

0 US 

7 grams 

0 117 

None 

1 17 

4 grams 

1 1G8 

Noiu' 

1 15 

4 grams 

1 IG 

None 

0 04G 

7 grams 

0 040 


The advantages of th(‘ electric heating ai)paratus are obvious. 
Very little heat is radiated; economy of space is attained; tubes 
are heated gradually and cooled gradually; time required is 
the minimum; labor cost is plainly the lowest because of sim- 


Or litharge. 
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plicity and rapidity, and no oxprrisivo plalinuin tuLos or lx)ats 
or (‘rucihlos aro used. 

Some may say, '‘Why not huin tlu' stc'cl in air?” The answer 
is that the cost of oxy^;('n is small, oru'-thifd c(‘nt p{'r (‘ombustion, 
and the stc'cl bui'iis t\vi(‘(‘ as fa.^t m oxy^i'ii. Oxy^i’ii can now be 
had :it Ij (‘cnts p('r cubn* foot m*l()() cubic foot cylinders. The 
method is accurate for all stca'l'^. As pointial out in tlu' auttior\s 
artich' and in his pn'hminaiy pap(‘r r(‘ad Ix'fon' tlu' Pittsburp;h 
hVetion in Decembia', 1905, oik' may los(‘ as much as 50 per cent 
of the carbon in certain alloy sti'eE by at tiaipitin^, to dissolve 
tlie borinp;s in ('itln'r luaitral or acid double chloride* of cop[)er and 
potassium. 


!'EBBO-\!>LOVS VM) IMJMinCO 


Samiilo 

Mothod 

\\ . U-l.» '*f 

1 lullin'''. 

1 1 L( n 

Niii'iuiit (tf 
Hi-d l.r.id 

Prr Ont 
( ’(irlion 



(til III'' 

I'scd 

Feund 

'l'ungst(*n powder 

El(‘ct r le 

o 

None 

0 (K)3 


P(*<1 l(>a(l 

2 

1 grams 

0 010 

Plumbago, No ir,a 

ld('Cl 1 IC 

(I 3 

None 

50 700 


Bed lead 

0 2 

1 grams 

50 800 

Plurnbjigo, No 351) 

El<‘cl 1 le 

(1 3 

None 

51 050 


B(m 1 lead 

0 2 

1 grams 

51 300 

Plumbago, No 1 

lOh'cti IC 

0 2 

None 

94 900 


Bed lead 

0 3 

1 grams 

91 3(K) 

08.5 per ce'ut ferio-cliroiiK' 

Idc'clnc 

1 0 

) 1 gram 

4 21 


Bed lead 

1 0 

1 grams 

4 15 

PVrro-vanadium, No. 131 

I I'decliic 

! 1 0 

None* 

3 12 


Ited 1(M<I 

1 0 

\ grams 

3 09 

Ferro-titamum, No. 1 

Electric 

2 0 

None 

0 22 


Bed N‘ad 

2 0 

4 grams 

0 24 

Ferro-boron, No. 1 

]*]|ecf nc 

1 0 

1 gram 

1 73 


Red lead 

1 0 

4 grams 

1 72 

j Carbonless (‘lir(>iu(', No 9 

lOlcctnc 

1 0 

1 gram 

0 08 

1 90.0 per cent chromium 

Red lead 

1 0 

4 grams 

0 09 

Pig iron 

tdectric 

1 0 

None 

3 20 

“B” . 

hdectric 

1 0 

0 5 gram 

3 58 


Red lead 

1 

1 0 

4 grams 

3 58 


The best protection for the bottoms of clay or porcelain boats 
is a liberal layer of ignited crude zirconia (zirkite).* 

* Read page 292 concerning the use of sand in combustion boats. 
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To secure complete decarbonization it is necessary either 
that thin drillinp;s be used, or if the sainph^ (contains much coarse 
or bulky material, it should be selected. This can easily be 
accomplished by pourilip; the borings on a 2()-mesh sieve and 
shaking all of the steel of 2()-mesh size and the still more finely 
divided dust on to a 6()-mesh *sieve, which retains only' the 20- 
to 60-mesh material. This always represents a good average 
sample. 

Further, the drillings should be placed in as compact a mass 
as possible. If curly drillings are scattered along the entire 
length of the boat instead of being put in a deep, compact body, 
borings that are a little thick will frequently be found to still 
contain unburned metal. This detail is a very important one. 
Of course, the reason is that drillings lying in close (H)ntact, heat 
each other to incandescence during the burning with oxygen. 

Also, during the period when the oxygen is being absorbed in 
large quantity by the burning metal, the flow of (he gas should 
be regulated so that there is an excess. That is, the oxygen 
must be turned on in sufficient quantity so that the gas is bub- 
bling through the weighing apparatus slowly.* However, if the 
gas is rushed through J during this period the steel becomes 
violently heated and slags withjthe sides of th(' boat, destroying 
the latter. Worsen y(‘t, low results are obtained frequently in 
this way, probably due to the formation of carbon monoxide, 
which is driven ou^ of the hot portion of the tube before it is 
oxidized to the dioxide, or the slagging ov('r of unburned steel. 

If the oxygen is turned into the tubes in sufficient quantity to 
maintain a slow stream during the period of the burning, the end 
point of the combustion is distinctly shown by a sudden increase 
of the speed of the i)ubbling through J. The rush of oxygen 
is then checked, but the rate of flow is still rather rapid for the 
final ten minutes. (Photo 7, page 276.) 

The weighing apparatus J (Illustration No. 15) is filled not 
quite to the bend of the inlet tube with a solution of potassium 
hydroxide made by dissolving 500 grams of the latter in 500 c.c. 
of water. The drying tube at the outlet of J is closely filled 

In order to maintain the slow bubbling through it is necessary to 
increase considerably the rate at which the oxygen is passing through B 
during actual burning of the metal to oxide. This also generates the required 
white heat in the steel at the critical time. See page 276. 
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with pieces of slick c;uis(i(^ polasli cracked to about the size of a 
grain of wheat and a laycu- of soda lime above the KOII. To 
prevent the caustic potash from coming in contact with tlie 
small rublxM* stopjxM- m the drying tulx' unloose plug of asbestos 
or glass wool is jilacixl at. that point.. The little bulb of this 
drying tub(‘ is tilled about, half full of glass wool. If dry sticks 
of caustic; potash are cra(‘k(al ciuickly, the small pic'ces can be 
conv(\yed to the; drying tube' in dry condition and (constitute not 
only a splendid guard against, loss of moisture from J but are 
also ecpially effective as an absorbcait of carbon dioxide'. 

The zirconia composition, 15x75 nun., boat is the' bc'st. shape 
and most durable of any boats that, the writer has tric'd.* When 
putting in the Zr ()2 bottom, till the' front half of the' boat, about 
two-thirds full and thc'ii with the* butt, end of the; forc'c'ps make 
a trough in the' Zr().>, working it wc'll up the side's of the boat. 
Pour the drillings from the; weighing bottle into this depression. 
By so doing the drillings are kc'pt in a compaect mass, and when 
the combustion is ('omplc'te'd the' burnc'd ste'c'l (‘an be' hfteei out 
in a small cake. In this way a boat can be' iisc'd many timecs. 

When a great many combustions are' made' daily, the; zireconia 
tube is the most sc'rviceable'. The' continuous spraying of oxides 
against the walls of a porcelain tube; wc'ake'iis it, and when the 
current is turne'd ofT and the tube; is permitte'd to gc't, cold the; 
contraction causes a rupture. Avoid spilling stecel in a cpiartz 
tube. Tapered tubes are the best.f ^ 

To prevent the contents of I) and T from clogging the 
inlets and outlets, large plugs of cotton are used at these points. 
Glass wool plugs should be used in II and loose; plugs of ignited 
asbestos in I. The inlet end of a quartz tube heats somewhat, 
and it is better to wrap it several times around with a strip of 
cheese-cloth, the end of which dips into a 150 c.c. beaker of water 
suspended directly underneath by means of copper wire (see page 
293.) During the absorption of carbon dioxide the outlet of J is 
protected from ingress of moisture or carbon dioxide or fumes from 
the room by a drying tube K shown in Photo No. 7. page 276. 
It is filled with pieces of stick caustic potash broken to the size of 
a pea. No wet wrappings are needed with tapered clay tubes. 

* These boats are now in general u.se. 

t Read page 294 concerning the vitrified zirconia-composition combustion 
tube designed by the author. 
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Oxygen can now be had, under high pressure, in r)0-foot cylin- 
ders at about 2 cents per cubic foot, and in lOO-foot containers 
at about If cents per foot. The latter quantity will supply two 
furnaces, night and daV, for two months. (1914.) 

Gas Combustion Furnace with Blast. — The gas combustion 
furnace, described by the leading supply houses as “for draft 
or blast, with adjustable flame length” can be made very effective 
where compressed air is at hand. The author modifies it as 
follows: From the 450 mm. size take out one pair of tiles; shove 
the other two pair together into the middle of the furnace frame. 
Put the removed tiles on top of the remaining four to lessen 
radiation of heat. Close all of the burner shutters except the 
four middle ones. Let the inlet end of the f inch inside diameter, 
30-inch electro-quartz tube project 12 inches beyond the tiles, 
and the outlet end 6 inches beyond the tiles. Fill the latter 
end, loosely, with ignited asbestos for a distance of 8 inches, 
beginning at the stopper. Wrap both ends at the stoppers with 
wet cheese-cloth. It is essential that the combustion tube 
be at least 30 inches long, and either of electro-quartz or platinum, 
as with air blast and gas the furnace will heat the tube to 1000° C. 
in twenty minutes. 


The Direct Determination of Carbon in Steel, Ferro- 
Alloys AND OliArillTE BY MeANS OF A COMPRESSED AlR 
AND Gas Furnace 

Compressed air should be considered a necessity in all chem- 
ical laboratories, however small, where ignitions of any kind are 
part of the daily routine. With this great aid to combustion the 
furnace shown in the illustration (Fig. 16) can be made to heat a 
f-inch bore fused silica tube to from 1150'^ to 1200° C. in from 
fifteen to twenty minutes. The cut shows the writer’s modifica- 
tion of the original arrangement of the tiles. One pair of the 
latter is removed from a 495 mm. furnace; * the other two pair 
are shoved together into the middle of the furnace. The removed 
tiles are placed on top of the middle pair forming an arch at P, P. 

The vacant spaces at either end of the frame are packed with 
asbestos wool. All of the burner shutters are kept closed except, 
the four middle ones at 0. To permit the flame to pass up freely, 
No. 17 furnace, 18 inches long. 
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the tiles are separated about f inch at the bottom, A/", A/'", 
and j inch at the top, A/, A/' (Fi^. lb). This is easily accom- 
plished by sliding one-half the iron frame up the inclined iron 
supports. One (*an readily adjust the aii' pressure and the gas 
at the points indicated to produce^ 950'’ (\ in ten minutes. The 
range between 950° and 1000° is l«‘st for the work. To provide 
for variations of air pressure a small regulator is located at R. 
This regulator is inexpensive and can b(‘ bought from any con- 
cern supplying pressure faucets. 

lo prevent the c‘ra(*king of tlu' fus(‘d siliiai (eh'ctro-quartz) 
tubes when using this furnac(‘ for tlu' d(‘t(‘rmination of carbon 
in steel by the direct combustion of the drillings in oxygen, a 
small inner sleeve or tube of platinum or nick(‘l .should, by all 





Fig. U). — Showing the Flotchcr Furna(‘(* as Modifnal by th«‘ Author and 
filtrd with hi^ ( 'oiiibii.st ion dVain 


means, be at hand. If the (piartz combustion tiib(‘ be h(‘at(‘d 
much above 950° C. and a single drilling is spilled in it, or the 
highly heated steel cuts through tin* clay or porcelain boat, the 
oxide of iron forms slag with the* silica of the tube and the latter 
will soon crack. To avoid frequent and expensive breakage of 
combustion tubes fioni this caus(‘ the writer, in 190(i, designed 
the small cylinder of platinum shown atQ, (Fig. 10). Q shows 
the open end of the same and Q' gives a view of the closed end 
of the cylinder. One-half of this end is perforated with small 
holes. It is 125 mm. long and 18 mm. in diameter. It can be 
made to weigh not over 30 grains and at a cost of about $28.00,* 
at that time. The cylinder is kept in the combustion tul>e. To 
r(‘(;eive the charged boat and for the removal of burnt residues 
this holder is drawn nearly but not quite to the entrance of the 

* The present high price of platinum makes this cylinder undesirable, a 
clay cylinder could be used m 1 in. bore tube. 
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quartz tube. Keep it just a little back of the stopper. The 
clay boat into which the steel drillings are poured, in a little 
pile, is slipped into the cylinder and the combination is quickly 
pushed into the hotta^t part of the combustion tube. The tube 
is stoppered as rapidly as possible and oxygen is immediately 
turned in with sufficient volume to maintain a medium rate of 
bubbling through the absorbing and w(‘ighing apparatus J. As 
sogn as the steel gets heated, it begins to absorb oxygen in large 
quantities as shown by the slackening of tin' rate of bubbling 
through ,/. It is highly important to continue to turn in more 
of the gas so as to always maintain an c'xcc'ss of it or low results 
may be obtained. IruTease the How of the oxygen through C so 
as to keep up a fairly rapid str(‘am of gas passing througli J 
during the absorption period. When the burning is completed, 
which occurs in about five minut(‘s afh'r th(‘ tube has be(‘n 
stoppered, the oxygen will Ix'gin to rush through J at a high rah* 
of speed. The How is now check(‘d to th(‘ normal, which is still 
quite rapid, as but ten minutes more are allowed to complete tlu^ 
combustion of 2 grams of steel and carry all of th(‘ C ()2 over into 
the weighing apparatus J (Fig. IG). Allowing two minutes for 
the final weighing, an accurate combustion of steel drillings can 
be made in from twenty to twenty-two minutes. The writer 
operates furnaces in pairs by a two-way (‘oniH'ction. This still 



Fig. 17.— No. 17 Furnace Open 
Ready for the Introduction of a 
Tube. 


further nxliices the av(M‘age time 
per combustion, coimtiiig all op(‘ra- 
tions except the drilling of the 
sam[)le. 

The second furnace is placet 1 
parallel with the ont' shown in 
the cut. The air prt'ssure for this 
extra furnace is bled from a cock 
on the furna(*(‘, shown at A (Fig. 
17). It is the middle one which 
is closed in the illustration (Fig. 
IG). The air is conducted from 
this point to the same cock on 
the additional furnace by heavy 
pressure tubing. In this way air 


for two furnaces can be supplied 


from one regulator at R, By similar means, through a Y not 
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given, gas can be furnished from the one gas nipple located 
near R. 

The oxygen is turned in at oxy (Fig. Ip) and is dislril)uted at 
the first Y to the pn'ssure gauge at A which contains a little 
mercury. It serves the tw(»-fold purpose of indicating stoppages 
and leaks. If there be a stoppage, the menairy \m11 rise to an 
abnormal height in the tube that dips undi'r the mercury in A.* 
To test for leaks, filug with a glass rod the outlet end of the 
purifying train at the point when' the jibsorption and weighing 
apparatus J is shown attaclu'd. Tlu'ii turn on tin' oxygen until 
the mercury rises in A to tlu' first bend of its outh't tub(\ Then 
shut off the oxygen. If tlu'n' Ix' a k'ak Ix'vond C in tli(' direction 
of the furna(‘e, the iiK'rcury will slowly droj) and the slightly 
compressed oxygen will bubble v(‘ry slowly through (\ if tlu' 
l('ak be a small oih'. But, if th(' leak Ix' soiiK'wlK'n* Ix'lwei'ii C 
and the oxygen tank in tlu' dir(‘(‘tion US'S, tlu'ii insti'ad of 
there being a bubbling through C, IIk' tluid in tli(' latter will 
rec(’de from th(^ bottom of (\ rising up into tli(^ sid(' bulb of (/. 
The valves on oxygi'ii tanks frc'ipK'iitly d('V('lop leaks and the 
little gauge at once calls aCi'iition to th(' fact if this ti'st is made. 
C is filled to the distance' shown in the' drawing with a solution 
consisting of 250 grams of caustic potash dissolve'd in 250 c.c. 
of distilled water. The oxyge'ii, aftx'r passing the first Y, enters 
B via the glass tube' SS. It. thi'n passe's down through B (Fig. 10) 
whi(!h has a loose i)lug of cotton at the' to;# and is hik'd with 
short piece's eif stie'k e'austic jxilash. The' gas k'ave's B at the 
bottean outlet anel ente'rs B via the' S-.^hajx'd glass tube. The 
gas bubbles through the fluiel in (’ and ente'rs I) at the top where 
there is a leje^se wael e)f ce)t.ton. J) is fillexl with idte'rnate layers 
of anhyelrous calcium e*hle)riele‘ anel ceitteen. The' gas k'aves D 
at the botte)m outled anel ('liters B at its bottom inled. E is 
filled with alternate layers eif cotton anel .soda-lime'. The beittoms 
of the jars are filled with leie^.se^ plugs eif cotton to [irevent the 
clogging of inlets and outlets by these salts. The oxygen travels 
up through E and, by way of a glass tube, e'an be distributed 
to the pair of combustion furnae*es at the seceind Y tube. 

The combustion tube is of fused sdica, or electro-quartz. It 

* When two furnaces are in oi)eration the required pre.ssure in A will cau.se 
the mercury in it to rise to a height of about 35 rnm. It is a great advantage 
to have two furnaces. One checks the results obtained in the other 
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is 30 inches long and projects 12 inches beyond the furnace frame 
at the inlet end and 6 inches beyond the frame at the outlet 
end. It is filled loose^ly with ignited asbestos for a distance of 
8 inches beginning at the outlet end. Both ends of the tube are 
wrapped at the stoppers with ^vet cheese-cloth, the ends.of which 
dip into the beakers filled with water as shown at N, N'. The 
products of the combustion are purified from litharge, sulphur, 
chlorine, and acid fumes by a jar of granulated zinc of 20-mcsh 
fineness (//). The gases are further dried by passing up through 
a jar of P2O5 powder (1). “T’ has a loose plug of ignited asbestos 

at the bottom of it and a similar one at the top. The pure CO2 
is now received into the weighing apparatus J which is filled with 
the same kind of solution as given for C, halfway to the bend of 
the tube that dips into it. 'The guard tube L is filled with small 
pieces of dry caustic potash prepared by quickly breaking the 
dry sticks in a porcelain mortar to about the size of large grains 
of wheat.* Reject the dust and use it for the absorbing solution. 
Such a tube makes a most effective guard against loss of moisture 
from J and also acts as a further absorbent of C() 2 . This appa- 
ratus J-L is good for forty ordinary steel combustions at a rapid 
speed. It is weighed against a mate and thus eighty combus- 
tions are obtained from a pair before refilling is necessary. D, B, 
E, /, and H are refilled by removing the glass goose necks. 
The tube K is filled with the same material as L and prevents 
any suction of impure air into the weighing apparatus during 
the process of a combustion. The author designed the entire 
train several years ago with a view to reducing the use of rubber 
stoppers to a minimum and to provide a convenient form of 
weighing apparatus for carbon dioxide. When using J-L for the 
determination of carbon in plumbago (natural graphite) it is 
replenished when 3 grams of CO2 have been absorbed. 

It is important that the small tube that dips into the KOH 
solution in L-J be not less than 6 mm. outside diameter and that 
its internal diameter be not reduced as it is very necessary for 
rapid work that it deliver large bubbles to the absorbing fluid. 

In ordering quartz or fused silica tubes the chemist should 
specify that the ends be fused smooth, free from inside chipping 
and grooves, and of practically round bore, otherwise he may 

• The bulb of L is filled with glass wool. The little rubber stopper is 
protected from the pieces of KOH by a loose wad of ignited asbestos. 
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have unpleasant experiences with leaks at stoppers. He should 
further insist that the tubes be of full J inch inner diameter 
for at least three-fourths of the length, or his small protective 
cylinder may stick in the tube. * 

C^are should be taken to keep the heat of the furnace very 
little in excess of 1000° C. as coint)ustion with oxygen at higher 
heats will cause the drillings to flux with the boat, cut through 
the latter, and at times stick to the protective sleeve. The 
operator will soon learn to judge the pro|Xir heat without a 
pyrometer. If on drawing out the boat he finds nothing in it 
but a fused slag and that, perhaps, the latter has cut through 
the boat, then he has been working at a bMuperature in excess 
of 1000° C. If he finds a residue that is a dull blac^k mass of 
oxide which can l>e broken ofT short in his fingers, does not present 
more than a slight melted apfx^arance on top and does not con- 
tain particles of unburned steel, then the temperature of the 
furnace is just right. If the residue instead of being of a dull 
lustrous jet black has a slightly reddish appearance, the com- 
bustion has been made at too low a heat and the decarbonization 
is incomplete. If the combustion tube presents a white hot 
appearance, inside, the heat has attained to 1200° C. If the 
heat has a dazzling effect the temperature is still higher. A 
yellow heat, viewed in the bright daylight, is about 950° to 
980° C.; a bright yellow, suggesting the first api^earance of 
whiteness, is about 1150° C. By exercising a little care in 
adjusting the air and gas supply this furnace can be operated 
with very little noise or radiation of heat and yet develop from 
980° to 1000° C., which is ample for direct combustion of steel 
in oxygen. A small milling attachment should be on every 
drill table, such as is used in “gumming’' saws. In this way 
finely divided millings can be obtained from thin sheets, wire 
and razor blades. The author used one-eighth pitch cutters 
that were held in a chuck in the same manner as a drill. The 
sheet or wire is clamped to the drill table and is shoved against 
the milling cutter which is revolving horizontally. The author 
now uses his milling machine (see page 271, P^ig. 9). 

The drillings or millings, which should be either very thin, 
medium size, curly ones or should pass a 20-mesh sieve if from 
soft or annealed steel, are put in the boat in as compact a mass 
as possible. The drillings should not be scattered. Do not 
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try to remove the residue after a combustion. Put in the next 
sample in a little pile and as close as possible to the oxide remain- 
ing from a previous analysis. In this way many carbon deter- 
minations can be made in a zirconia boat without bothering with 
a sand bottom. Of course porcelain boats can be used for this 
work but they are more expensive and do not last as long 
as a well made clay boat. Zirkitc should be used to protect 
the bottoms of the porcelain boats. As stated the author has 
found that, with a little practice in manipulation of the gas 
and air pressure, the furnace shown in the cut can be made to 
heat to from 980° to 1050° C. with very little noise and radiation 
of heat. On the other hand it can be run with much unnecessary 
racket. In this laboratory natural gas is used at a pressure of 
8 ounces. A moderate air pressure is sufficient, i. e., about 
30 pounds. 

When making direct carbon combustions of pig iron in oxygen, 
shake up with the 1 gram of sample half this amount of red 
lead or litharge to break the bond between the iron and silicon. 
This secures complete combustion of pig iron. For refractory 
substances like ferro-chrome, carbonless chrome, silicon carbide, 
metallic silicon and ferro-boron, weigh 1 gram of sample and 
mix the same with 4 grams of litharge. Put this charge in a 
clay boat and proceed with the combustion as given for steels. 
Deduct a blank due to the CO 2 obtained from the lead oxide. 
It is safer to fo^ow this plan for tungsten and molybdenum 
powders, ferro-silicon, ferro-vanadium, ferro-titanium, and ferro- 
molybdenum. All varieties of plumbago or natural graphite that 
the author has analyzed in connection with the plumbago crucible 
factory of this works, when finely ground as described in his 
methods for the analysis of graphite, burn completely to CO 2 in 
oxygen. Some of the finer grades of the natural concentrated 
product yield 99 per cent pure carbon. It requires about forty- 
five minutes to completely burn such material. 

When using red lead or litharge to secure complete com- 
bustion of the carbon in ferro-alloys rich in aluminum or silicon, 
or both, the charge is placed in one end of the clay boat, without 
a sand bottom. After completing the combustion which proceeds 
just as quickly as that of a steel with oxygen, alone, the used 
part of the boat is broken off and the other half is then taken for 
further combustions. The best way to determine the blank, 
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due to the lead oxide, is to burn 2 or 4 grams of it with some 
20- to 30-mesh siftings of a steel, the carbon content of which is 
accurately known; or with 2 grams of small thin curly drillings 
of some standard steel. The excess of carbon found is the blank 
due to the lead oxide. A good c. p. or commercial red lead or 
litharge will giv(' a blank of about*0.004 gram of CO 2 per 4 grams 
of lead oxide. 

L-J is wiped off with a piece of clean cheese-cloth or a clean 
handkerchief before each weighing of it. Its outlet and inlet 
ends are kept closed with small rubber caps when it is not con- 
nected in the train. Th(\se caps are removed during weighings. 
Not more than two minutes are spent in w(‘ighings at the end of 
thp combustion. One minute is suflicic'nt to weigh the drillings 
at the start. One or two minutes inon' may be consumed in 
transferring the boat to the combustion tube and connecting L-J 
in the train. But fifteen minutes are required to burn the sample 
and carry all of the (X )2 to L-J. In this way perfectly accurate 
combustiop^ of all kinds of steels, either plain or alloyetl, with 
any amount of tungsten, molybdenum, or chromium can be 
carried through in twenty minutes. This is the routine practice 
in this laboratory when making bath tests of open-hearth heats 
before same are ready for tai)ping. 

This furnace has one markcMl advantage over electrically 
heated furnaces, in that it can be brought from a cold state to 
1000° C. in ten minutes. It can also be ad^sted to fit any size 
combustion tube. (See Fig. 17.) 

Rapid Bath Test for Carbon by Combustion. — Weigh 1.3636 
grams of 60-mesh or thin curly drillings into a clay boat. Place 
the boat in the combustion tube heated to 1000° C. Pass the 
oxygen at a rapid rate — three bubbles |xt second for 6ve minutes. 
Continue this burning for five minutes more. Detach the absorb- 
ing and weighing apparatus, No. 10, Photo No. 8, page 278, 
and weigh. 
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Part III 

FURTHER NOTE ON THE DETERMINATION OF CARBON IN STEEL 
AND FERRO-ALLOYS 

Surface Decarbonization. — Referring to remarks on page 268 
relative to the taking of samples it must be noted that steel 
often has a decarbonized surface, that is from 10 per cent to 
almost any amount lower in carbon than the main body of the 
metal. This will often cause the chemist to report the rolled 
or hammered steel anywheni from 0.10 to 0.20 lower in carbon 
than the original ingot analysis, that is, suppose the ingot analysis 
was 1.20 per cent carbon, then it not infrequently happens that 
the plate or bar may show but 1.10 per cent. 

Use of Sand in Boats. — The author no longer uses any sand 
in the combustion boat as the composite vitrified clay boat is 
greatly superior and withstands a much higher heat than the 
original form of clay boat. By avoiding extreme heats during 
the combustion, complete decarbonization can be effected without 
fusing the drillings to the boat, and the little pile of sintered oxide . 
that remains after the burning can be scraped out with the tail 
of a small file. If the combustions are run at a high heat with 
the drillings in contact with a sand bottom there is danger of 
forming silicon carbide as has been pointed out by Mr. Geo. M. 
Berry. Crude Zr02 or chrome ore are good boat protectors. 

Oxygen Versus Air in Direct Combustion. — Since writing the 
first edition of this book the price of oxygen has fallen to less 
than two cents per cubic foot, so that there is no longer any 
inducement to try direct combustions in air. In any case the 
high temperatures necessary make such combustions very un- 
pleasant and should be avoided. 

Two Parallel Furnaces. — Photo No. 18 shows the author’s 
arrangement for two combustion furnaces, side by side, when 
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quartz tubes afto used. Note the wet wrappings required when 
quartz is used. 

The Gas Combustion Furnace with Blast —On page 284 the 
above direct combustion method is referred to. It constitutes a 
very cheap and effective w^y of making direct combustions. 
The principal objection to this method of heating is that the 
sharp, bare flame of the compressed air furnace striking the fused 
silica tube causes the latter to become devitrified and leak after 
some time. 

The Elimination of Rubber Stoppers from the Vitrified 

* Clay Combustion Tube by Means of Tapered Clay 
, Inlet and Outlet * 

In June of 1913 the author published an account of a vitrified 
clay combustion tube with tapered outlet designed by him. 
These tubes are now widely used. 

The advantage of the tapered outlet very soon suggested the 
making of a tapered clay inlet which is shown at K in the illus- 
tration and also at L~M. (Fig. 19.) 

The clay part of the inlet is a duplicate of the outlet end. The 
tube is charged and discharged by removing L-M which is con- 
nected to the main part of the combustion tube by means of 
the rubber sleeve M. This connection is a piece of | inch bore, 

inch wall andc 2J inches long, pure rubber tubing. This 
sleeve is more easily handled than a rubber stopper. The oper- 
ator grasps L-M at the clay part L and slips it over the main 
part of the combustion tube and twists it firmly in place. The 
clay part L offers a substantial hold for one’s hand and is abso- 
lutely safe. A glass taper would be dangerous as it might be 
crushed when grasped, causing a wound. 

The slip-over connection is geometrically a tighter connection 
than a rubber stopper, for the reason that the latter affords an 
example of a conical surface pierced by the cylindrical surface 
of the combustion tube, which makes only a single circle of con- 
tact l)etween the stopper and the tube. The slip-over gives a 
tangential contact which provides innumerable circles of contact. 

Further superiority of the tapered clay and rubber sleeve 
inlet is that, should the bore of' the combustion tube tend to 
Reprinted from Journal Ind. and Eng. Chem., V, 488. 
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be elliptical instead of a true circle, the elasticity of the rubber 
sleeve will still give a pressure tight connection on account of 
the large surface of contact. 

Again, many combtlstion tubes offered by dealers are rejected 
because of grooves in the interior walls, at the inlet or outlet 
ends, which make tight connections with rubber stoppers impos- 
sible. The tapered slip-over connection renders such tubes per- 
fectly satisfactory. 

The entire apparatus with the single exception of the little 
mercury valve tube attached to L~M is the author’s design and 
shows but one rubber stopper at an unimportant point in the 
little KOH drying tube at the extreme outlet end of the com- 
bustion train. This could also be eliminated by a small glass 
taper or clay taper. The wet wrapping can be omitted, entirely, 
when the clay tube is used, although shown in Fig. 19. 

It has been found in the author’s experiments that, for a given 
wiring, furnaces heat higher with clay tubes than when fused 
silica tubes are used as there is less leakage of heat via the tube 
when the clay tube is in the furnace. 
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Part IV 

THE DETERMINATION OF CARBON IN PLAIN STEEL AND IN ALLOY 
STEELS, CONTAINING NOT OVER ONE OR TWO PER CENT 
OF ALLOYS, BY SOLUTION IN COPPER AND POTASSIUM 
CHLORIDE 

The limitations of this method cannot be absolutely fixed 
as the carbon can be ac(*urately obtained on certain alloys that 
have a greater amount of the non-ferrous nadals than given in 
the above title; notably nickel steels can be accurately deter- 
mined for cajbon where the nickel content is far in excess of 
2 per cent. The n^adca- should refer in this connection to pages 
237 to 260. Occasionally the chemist receives thick chips that 
are impo.ssible by the method given on the pages just mentioned, 
and rather than wait for a more suitable sample or perhaps 
put a good customer to the iiH’onvenience of getting drillings of 
the proper fineness, the analyst will resort to the double chloride 
method. The details are as follows: ^ 

The Dissolving Solution. — The acid solution given on page 258 
is used for this work. It is filtered on ignited asbestos. The latter 
is prepared by igniting the fine white fiber in a muffle furnace 
in a porcelain dish. The di.sh is filled heaping full and brought 
to a bright red; it is tlum removed from the furnace and allowed 
to cool below redness. The lump of partially ignited asbestos is 
turned over and the dish and its contents are returned to the 
furnace; again brought to bright redness; and so on until the 
asbestos has been heated and cooled three times. While the 
asbestos is cooling it should be covered with a clean agate ware 
pan to prevent soot or carbonaceous dirt of any kind from falling 
on the asbestos. The ignited asbestos is cut into short wads; 
put into a glass stoppered, carefully cleaned quart bottle and 
enough distilled water mixed with it to make a rather thick 
pulp. 
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The pulp is poured on a perforated porcelain plate of at least 
2 inches diatnetcr which is kept from slipping out of level by 
applying; slight siu^tion while the filter is beinp; prepared. The 
asbestos is distributed ^)ver the plate in an even layer about 1 
inch thick and is put firmly to place by increasing the suction a 
little and pressing; it down with a fz:la.ss rod. (One end of the rod 
is flattened into a disk by softening; it in the flame of a Bunsen 
burner and quickly pressing it against a cold surface*.) Repeat 
this operation, adding, in the same way, successive layers, taking 


t \ '■ 


. Ill ' '-’j " 




Fig. No. 20. 


care not to tamp the latter too much, as by so doing the filtration 
will be very slow and will require excessive suction to get the* 
solution through the filter at all. When the layers have attained 
a total thickness of about an inch and one-half the whole filter 
is saturated several times with 1 : 1 HCl to shrink it tighter; 
it is tamped some more, and then washed ten times with dis- 
tilled water. The glass filter * tube in which the filter is made is 

♦The filter tube shown in Fig. No. 20 contains a rubber gasket and 
alundum thimble; these are removed and a perforated porcelain plate is 
substituted for the carbon filtration. 
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shown in Fig. No. 20. The filter being now ready is tran.s^ 
ferred, rubber stop|xu' and all, to the bottle in which the solution 
to be filtered is to be kept. 'Phe photo shows a ghuss filter tub(', 
but usually a cjirboii filtia* tube is too small foi’ tiltei'ing the' whole 
solution vSo that the filti'r layer is preparc'd on tlu' porcc'laiu j)late 
supported in a large fuiuK'l that pierces a rubber stopix'r that will 
fit the neck both of the side lu'ck .suction flask shown and of 
the large glass stoppered bottle in which the filtered solution is 
to be preserved. The double chloride is tlnm filtiavd into the 
latter bottle with mod(‘rat(' suction; k(‘j)t stop|X‘red; and, to 
prevent dust from settling around the stopjx'r, a cap of stout 
paper is tied over the same, F'lg. No. 

20 shows the brass water pump used which is 
extremely satisfactory and ine\|'Kmsiv(‘. It 
discharges into a deep stone box as shown. 

Cut A illustrates the details of the brass pump. 

Solution of the Chips and Filtering Out 
of the Carbon.- -Dissolve from 1 to .5 grams 
of the chips in 00 c.c. of the double chloride 
per gram of sample in a beaker that hjus 
been cleaned from all lint or dust. Th(' chips 
must 1)0 stirred at intervals with a glass rod 
until there no longin' remains on th(‘ bottom 
of the beaker any particles of copjM'r-coati'd 
steel. The reactions occurring are given heri'^ 
with for the benefit of the student: In the fir.st 
place the iron is di.ssolvial aw ay from the carbon 
by reaction (1), Fe+CuCl 2 = Fi'CC-f Cu; then a further portion of 
the copper chloride in the double chloride .solution causes the 
metallic copper formed to pa.ss into solution in th(‘ manner shown 
in reaction (2), CuCl 2 +Cu = 2CuCl. This cuprous chloride 
(CuCl) would form and separate out as a w hite preiapitate were 
it not for the excess of acid present in the double chloride which 
excess of HCl dissolves the cuprous chloride; hence it is best to 
wash the carbon residue on the asbestos filter at first with some 
of the double chloride before washing it with water. 

The carbon is filtered on an asbestos filter supported on a 
perforated porcelain plate just large enough to fit in a glass carbon 
filter tube of H inches diameter. This filter is prepared in 
exactly the same way as described for the larger filter used for 
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the double chloride. A row of four of these carbon filter tubes 
are shown in Fig. No. 20. The well-tamped and acid shrunken 
layer of asbestos need not be over ] inch thick. The dissolved 
chips are poured throhgh the asbestos filter and any black par- 
ticles of carbon adhering to the walls of the beaker are best 
discovered by holding the la'tter over a sheet of white paper. 
These particles are transferred to the filter by rubbing them 
loose with a rubber-capped glass rod, rinsing the beaker with a 
fine jet of water and also some of the double chloride. The 
carbon being now all on the asbestos it is washed five times with 
some of the double chloride, drawing off each washing with mild 
suction. The acid is then carefully removed by giving the filter 
thirty washings with distilled water, drawing off each one entirely 
before the next washing is applied. The carbon filter tube is then 
withdrawn from the rubber stopper. The porcelain plate with its 
adhering asbestos and carbon is carefully pushed out of the filter 
tube on to a clean watch glass, with the plate side down. Any car- 
bon sticking to the walls of the filter tube is completely removed 
by wiping them off with some of the asbestos. The top part of 
the asbestos filter is first stripped off and placed in the clay com- 
bustion boat. This leaves all of the rest of the filter to be used 
in cleaning out the filter tube. This portion of the filter is now 
moistened with water. A pair of steel forceps that are not too 
stiff are used to hold the portions of the dampened filter that are 
used for removing^ carbon that sticks to the filter tube. Then, 
at the last, the points of the forceps should be wiped off with a 
little of the pulp as some of the carbon is likely to be on the 
forceps. The operator should wash his hands before beginning 
the transfer of the carbon filter and the cleanings to the clay 
boat. A piece of stout wire or a glass rod is used for pushing 
the plate and the adhering filter out of the filter tube. Dry the 
contents of the boat in a water or air oven for two or three hours. 
When dry, as shown by there being no noticeable condensation 
upon a cold watch glass placed over the boat immediately after 
the latter has been taken hot from the air bath, the contents of 
the boat are pressed firmly down into it and 4 grams of red 
lead are spread over the same. The boat is then placed in the 
electric furnace and the carbon is finished in the same manner 
as given for the direct combustion. The water should be 
dried out of the carbon residue in the boat at a temperature 
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not exceeding 100° C. The blank is run by placing the 
same amount of the double chloride in a l)eaker; filtering it 
through a filter made as in an actual sample and putting this 
filter through all of the operations just cfescribed, including the 
red lead covering. 
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Part V 

QUALITATIVE TEST FOR GRAPHITIC CARBON IN STEEL AND IRON 

Polish the steel earefully free from all scale. Any finely 
divided scale left on the steel is liable to be mistaken for graphite 
in the qualitative test. 

Take either millings or drillings from the polished sample, 
whichever are most (convenient. Use the milling machine for thin 
sheets. Dissolve 100 mg. of the millings or drillings in 4 c.c. 
of 1.20 sp. gr. nitric acid. Heat in water bath for forty minutes 
in boiling water in a test tube 150 mm. longXlO mm. diameter, 
in the manner described for color carbon tests in steel. The 
boiling should be continued until all flakes of combined carbon 
are dissolved. 

Remove the tubes carefully from water bath, avoiding all 
shaking up of contents. Hold each test tube over a sheet of 
white paper. Look down through the mouth of the test tube. 
If there is the slightest black sediment in the bottom of the 
tube, this indicates at least a trace of graphite. If there is no 
sediment, the steel can be pronounced free of graphite. If there 
is a heavy deposit, the steel contains a high percentage of graphite. 
The samples showing a trace, or more, of graphite can be deter- 
mined quantitatively by the following quantitative methods. 

0.10 per cent graphite makes a large showing by the qual- 
itative test. 0.17 per cent or less can be seen in the fracture 
by the dark appearance it gives to the grains of steel. 

In steels dissolve 3 or 4 grams of drillings in 60 c.c. of 1.20 
nitric acid, boil slowly, avoiding the concentration of the mi trie 
acid by adding a little water if necessary, until the flakes of 
combined carbon are dissolved. Perfectly annealed steel in 
which graphitic carbon is most frequently found, does not show 
this flake and the heating is continued until the main solution 
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no longer continues to grow any clearer. This requires about 
ten minutes’ boiling. 

In pig iron 1 gram is dissolved in 20 c.c. of the above acid 
aided with 2 or 3 drops of II F, boiling ten minutes. The insol- 
uble matter is filtered on the sany^' kind of an aslx'stos filter as 
is described for (‘arbon in steel where the chips are dissolved in 
the double chloride of potassium and copper. Se(' page 297. 

The residue on the filter is washed thirl y or forty times with 
water to remove the iron; then with 1.1 specific gravity KOH 
solution which is made by dissolving 30 grams of KOH in 200 c.c. 
of water. The washing with the KOH is contiiUK'd until the 
washings are no longer colonal brown. Then wash with water 
as many times as before; then with 1 : 1 IK 3 to lanitralize any 
remaining KOH; and finally again, thoroughly, with water. 
The graphitic residue is removed from the filti'r, dried, covered 
with red lead, and finished as des(‘ribed in the direct method 
for carbon in steel, in th(^ electriir furnace. 

The filtrai^e from the carbon or graphite, in this method, 
or in the double chloride method, should be })oured through a 
filter paper and washed free' of color to note if any lilack stain 
remains on the filter; if there be such a stain then some of the 
carbon or graphite, as the case may be, has run through and the 
result will be too low. 

Method for the Determination of (iraphite in Steel Used by 
the Safety Razor Company. — Dissolve 3 grants of the steel in a 
150 c.c. of dilute nitric acid. (3 parts of water to 1 part of con- 
centrated nitric acid.) 

After adding acid to the steel, boil until red fumes of nitrogen 
oxide are gone. Then add 15 c.c. to 35 c.c., i.e., an excess of 
potassium permanganate (5 grams KMnO-t in a liter of water). 
Boil until KMn 04 is all decompo.sed, which should show an 
excess of manganese oxide after boiling a few minutes, otherwise 
some combined carbon will be counted as graphitic carbon. 
Cool, then dissolve the manganest‘ dioxide, which may be pre- 
cipitated, with the smallest amount possible of SO 3 or FeS04; 
filter out any black insoluble residue on an asbestos plug. Wash 
well with water, being very careful that none of the residue runs 
through. Wash with water until free of acid. Pour the filtrate 
and washings through a 9 cm. filter and wash the paper. Note 
if any black residue ran through. If it did, the result will be 
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too low, and a now' portion must ho startod and a ti^htor pliip; 
usod. 

Hoinovo this aslH'stos from tho filtor tuho. Dry it at not ovoi* 
100'" (’. until fr('o from moisturo. Burn rosidiU' in tho olay boat 
in tho carbon (‘ombustion furnaoo for thirty or forty miimtos. 
\\oi^;h COo formod. Run blanks all tho wny through, usinji; all 
of tho roaf^onts, filtor on asbestos plus, wash tlo' s;im(' as th(' 
tost. Dry this plus; burn it off in a carbon combustion furna(o, 
and any carbon dioxidi' found is deducted from tlu' carbon dioxide 
found m tho samph* by t!u‘ same method. Any cnrb:)n dioxnh' 
romainins is calculab'd to carbon. This carbon is calk'd sniphito 
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PAur I 

CARBON BY COLOR 

'1 HE (IctfM’niinHl loii ol cMrhon hv color nu'fhods should ho 
indul^(‘d in :is litlh* possible. Xuhhm'ous inp'rtercnci's rcndiM’ 
lUialysis, uiih'ss carru'd out under th(‘ fiuidanee of persons of 
lon^ (‘\p('ri('ne(\ highly inai-eurati* '\l\v Ih'mI Iri'alinont, i.(- , 
tlu' ^I’oatcM' or k'ss amount ot mculcntdl :mnealin^ that a sanipk* 
may have had, will eausi' the* color to varv, yu'ldm^ r(‘sults from 
10 j)(‘r e('nt to 20 pt'r e(‘nt away Irom tin* actual carbon. The 
perl(H‘rly anneah'd sl(‘el, i.e , when* tin* carbon has all b(‘eii 
(ionvi'rted into the absolut(‘ly aniK'ah'd condition, yiiTls tlie 
^ri'atest depth of color for a ^iNi'ii jX'rci'nta^^i^. A f(‘\\' tenths of 
a per cent of hi^^hly colorm<j: (‘lements liki* chromium ^i\(‘ low 
results compar(‘d with a standard stcc'l not containing; tlu* alloy. 
Also the pr(\s(‘nc(‘ of coiiMdi'rable nian^aiu'si' tiaids to lif^hten 
the color m unaniH'ah'il st(‘(‘l Th(‘ saim* is true of nickiT 

If a samph' consistin;; of lar^(‘, bulky, thick drillings b(‘ com- 
pari'd with a standard of small, uniform siz(‘, thin drillings, the 
bulky .sample will yicTI results oftiai 10 p(‘r ccait too low. The 
presence of graphitic (*arbon will caus(‘ results to b(' anywhere 
from 5 per cent to bO [km* c(‘nt too low. Of coiirsi*, much graphitic 
carbon is easily det(‘ct(‘d by the m.solubk* black residue* that 
remains in the .solution .so that only o pe'r c(*nt too low is likely 
to be unnoticed. A practiced (yve* will d(‘t(‘ct the slightest trace 
of it. If the operator can drill his own samplers ;ind always 
get them with the same heat treatm(‘nt, and have a standard 
that has undergone the .same treatment, and has been drilled 
with the .same depth of cut, his results will be fairly accurate. 

There are two means by which oik* may approach the ideal: 

First. When the drillings to be t(‘sted and the standard drill- 
ings have been taken from the raw cast steel that has never 
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been reheated and is always allowed to cool slowly from the 
molten state, i. e., without any quenching. 

Second. Where ^he operator is furnished the steel and can 
anneal it to the last degree of softness, avoiding the temperature 
range most favorable to t’uj formation of graphitic carbon (see 
Annealing of Steel). Then drill such samples to uniform thick- 
ness and compare them with a standard prepared in exactly the 
same manner. This second scheme is the most accurate of all 
color methods. For the identification of the perfectly annealed 
condition, see Annealing. 

Further, it is essential in color work that the standard shall 
be within 10 per cent of the carbon content of the sample to be 
tested. The nearer the carbon of the standard is to that of the 
test, the better; especially is this true of unannealed steel. 

Method . — Dissolve 100 mgs. of sample in 4 c.c. of 1.20 nitric 
acid. Use a test tube 152 mm. by 15 to 16 mm. diameter. Insist 
that the dealer supply test tubes that keep within the same 
diameter. If one test tube is wide and its mate narrow, the 
wide one will permit more of the free acid to escape than the 
narrow one, causing variation in the color. Do not set the 
tubes deep in the boiling water, as it will cause iron to dry on 
the sides, and, when this is redissolvcd by shaking the hot acid 
solution the brown basic nitrate of iron will' go into solution, 
causing another variation of color, f The fewer tests dissolved 
at one time the better, as some parts of the bath will be hotter 
than others, causing more loss of acid from the tubes in the 
hotter location. In forty minutes all of the flakes of carbon 
are usually dissolved on a water bath. These bfiths are designed 
especially for this work, and contain racks to hold thirty-six 
tubes. These racks have false bottoms perforated with many 
small holes. This arrangement permits the tubes to be immersed 
to the depth of 28 mm., which is about the level of the nitric 
acid. 

For more rapid solution of the carbon, requiring from four to 
seven minutes, use a sand or graphite bath heated to about 190® 
C. Plunge the tubes into the bath just to the top level of the 

* Quenching can be safely done provided the test piece is first cooled to a 
black heat in an entirely dark closet. 

t Some laboratories use glass marbles that rest on the top of the test 
tubes during the boiling to reduce the evaporation of the acid. 
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acid in them. Keep the tubes close together and do not run more 
than six tubes at a time, as such a bath is liable to great varia- 
tion in temperature. The writer collects a set of six tubes in a 
compact cluster and covers all with a r)J?)UM'‘(' beaker. This 
prevents too rapid loss of acid. Ih^move tlu‘ tests the second 
that the brown flakes ar(‘ in solutiftn. Use standards within 5 
points (0.05 per cent carbon) of the tests so that tests and 
standards will go into solution at about t he same moment. 

The tests are cpiickly cooled in running water and compared 
in the bent-tmd comparison tubes, which ix'rmit the contents 
pf the tubes to be mixed by a rocking motion. The comparison 
tubes are of 14 c.c. capacity, and graduat(‘d to tcmths of a c.c. 
The length of the graduat(‘d portion is 181 mm. Then follows 
45 mm. of ungraduated tulxs then the part hvnt at an obtuse 
angle. The bent limb is about 50 mm. long. The outside 
diameter of the tube is 12 mm. A set of three of these tubes is 
iised. The specifications for these tubes should require that all 
thi’ee tubes be Jlhc same inside and outside diameter throughout 
their graduated portion. Th(‘ figures and graduation lines 
should be small, the figures not over 2 mm. long and the lines 
not over 4 mm. long for c.c., and not over ll mm. long for tenths 
of a cubic centimeter. 

The graduations of all three tubes should coincide with each 
other. For example, the 14 c.c. mark should be exactly the 
same distance from the bottom of the comparison tube in each 
tube of a set, thus proving that the insidt' dia*m(der is uniform 
throughout the set. 

The tubes should be fr('(‘ of fine black lines due to bubbles in 
the glass when it was drawn into tubing. 

The tubes should be made of s(‘l(‘cted tubing free of scratches. 
The graduations should be as exatd as those of a burette. 

All color carbons should be made in duplicate and results 
averaged. Nothing is gained by operating on a greater amount 
than 0.100 gram. The author, in his practice, ran a great many 
color tests, using 0.500 gram, and found the same lack of agree- 
ment, and much more acid needed. 

The Comparison, — If, for example, a 0.60 carbon standard is 
in use pour it into the comparison tube, using as little rinse water 
as possible, so that the volume of the fluid in the tube is just 
6 C.C.; mix thoroughly. 
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The test is then put in another tube, and water is added to 
it until its color is the same shade as that of the standard, mixing 
carefully with each addition of water. This matching should be 
conducted slowly \^hen the test is still but slightly darker than 
the standard. But 0.2 cubic centimeter should be added at a 
time when the test is only slightly darker than the standard, 
so that when the former is finally very slightly lighter than the 
standard, the operator knows he has overstepped the end-point 
0.01 per cent, which he deducts from the reading. If the test, 
for example, is just turned lighter at 6.5 c.c., then the per cent 
carbon will be 0.65 less 0.01 or 0.64 per cent carbon. If a 
standard of 0.30 carbon is in use, it is diluted to 9.0 c.c. Should 
the test match it at 6.0 c.c., then the carbon percentage will be 
0.60 -i- 3, or 0.20 per cent carbon. If a standard of 0.40 carbon 
is used, it is diluted to 8.0 c.c. If the test matches it at 7.0 c.c., 
for example, then the per cent carbon will be 0.70 -^2, or 0.35 
per cent carbon. If a standard of 0.08 per cent carbon is in use, 
it is diluted to 5.6 c.c. Should the test match it at 6.0 c.c., for 
example, the per cent carbon would be 0.60-5-7, or 0.085 = 
per cent carbon. When a large number of color tests must be 
made, they should be checked at frequent intervals by com- 
bustion; for instance, if a lot of thirty color tests are made, 
and every fifth one is checked by combustion and checks within 
0.01 to 0.03 per cent in a range from 0.50 per cent and over, it is 
pretty safe to a^^sume that that particular lot of color tests was 
done under favorable conditions. 

The author does not use a comparison camera, but decidedly 
prefers to hold the tubes on a sheet of white paper, in diffused 
sunlight. The direct glare of the sun is, of course, undesirable. 

At night a 50-candle power frosted electric lamp of filament 
type resting on a sheet of white paper from a flexible arm is 
the best source of light. The comparison tubes should be held * 
with the graduations touching each other, thus giving a clear 
field of color. Their relative right and left positions should 
be changed at intervals of a few seconds to assist the operator 
in judging respective depths of color. He should endeavor to 
lose track of which is test and which is standard, and if, under 
such conditions, he finds he can come to the same conclusion 

* The comparison tubes should be held at an angle of about 45® to the 
paper with their ends touching it. 
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three times in succession, then he is as certain as possible of his 
choice of the light one and the dark one. In the author’s opinion 
the least source of error in carbon color work is the operator’s 
eye. A man with a good eye for color a?id plenty of practice 
can be counted on not to introduce an error due to the eye of 
over 0.02 per cent in higher carbons and not over 0.010 per cent 
in lower carbons, around 0.08 and perhaps not over 0.005 per 
cent in the latter range. 

Reject all drillings that are blued, or rusty. 
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Part II 

PHOSPHORUS IN PIG IRON, STEEL, WASHED METAL AND 
MUCK BAR * 

Dissolve 1.63 grams of sample in 45 c.c. 1.13 nitric acid, 
using a 5-ounce beaker. Heat gently on hot plate or bath 
of some description. The author uses a tw('lve-hole affair as 
shown in Fig. 21. Highly silicious pig iron dissolves slowly 



and it is best to maintain all pig iron samples at digesting heat 
(barely boiling) for at least twenty minutes. To assist in dis- 
solving pig iron add four drops of hydrofluoric acid to the solution 
after it has been digested ten minutes with the nitric acid, if 
high silicon is suspected. 

For pig iron and some chrome steels the next step is to filter 
out the insoluble graphite, etc. Wash the residue on the filter 
fifteen times with the dilute nitric acid wash. All phosphorus 

♦ Hundeshagen (modified by J. 0. Handy) first recommended the titration 
of the yellow precipitate by standard alkali. 
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filtrations in this laboratory are made on a revolving filter stand. 
(See Fig. 22.) 

It is not necessary to filter solution.s ii^ plain carbon steels. 
Filter the muck bar solutions if they contain much insoluble 
residue. ^ 

Add to the filtered solutions of pig iron, chrome steel and 
muck iron and to the unfiltered solutions of plain steel and 



Fig. 22. Fig. 23. 


washed metal, from a convenient drop bottle, the potassium 
permanganate solution. Continue the addition of perman- 
ganate until the excess of manganese separates as a brown pre- 
cipitate that does not disappear noticeably after ten minutes' 
boiling. As washed metal usually contains about 3.00 per cent 
of carbon it will consume considerably more of the perman- 
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ganate solution before the carbon is destroyed than ordinary 
steel. The excess of manganese precipitate is removed by 
adding ferrous sulphate solution, free of phosphorus, from a 
dropper until the solution is again clear. After five minutes 
more boiling the beakers ara removed from the fire, the covers 
are rinsed off and the inside walls of the beakers are washed 
(to prevent the phospho-molybdate sticking to the walls) down, 
and 50 c.c. of the ammonium-molybdate * are run into each test 
from a measuring siphon. (See Fig. 23.) A batch of twelve tests 
are stirred at a time, using glass rods. A single test is stirred 
around twice, then the next one, and so on until each test in 
the lot has been stirred ten times. This means that each solu- 
tion has been stirred at intervals during a period of ten minutes. 
The twelve samples are put on the revolving stand and twelve 
7 cm. filters are marked with a lead pencil to correspond to the 
respective tests. The only interval in plain Carbon Steel between 
the completion of the stirring and commencement of the filtration 
is the time required to fit the filter papers to the funnels. 

The liquid is decanted through its proper filter and the bulk 
of the precipitate is allowed to remain in the beaker until the 
filter papers are washed ten times, giving each paper a washing, 
then the next one and so on until No. 1 is reached again. By 
the time No. 1 is ready for its second washing, the first washing 
will be well drained off. Each funnel stem is given a turn with 
the thumb and fdrefinger in such a manner that the double fold 
of the paper is washed twice and the single fold once during each 
washing. Use the dilute nitric acid wash. 

Ten washings having been accomplished, the main body 
of the yellow precipitate is washed on to its respective filter 
with a fine jet of the acid wash, and receives a further ten wash- 
ings to remove iron. 

To remove free acid the precipitates are next washed thirty 
times with the potassium nitrate water. The filters are now 
removed to a large watch glass. A ruled slip is dated and headed 
and the various tests are entered thereon. On the right-hand 
side is kept a record of the alkali used, and on the left, the acid 
standard used in the subsequent titration of the yellow pre- 
cipitate. 

* H,P04+12(NH4)2Mo04+21HNOj = (NH4)8P04 • 12Mo03-H21NH4N03 4 
12HjO. 
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The titration is accomplished by placing filter and precipitate 
in a 100 c.c. beaker. The standard sodium hydroxide solution, 
1 c.c. of which equals O.Ol per cent phosphorus when 1.63 grams 
are taken, is dropped on the filter until th(< yellow precipitate 
has dissolved.* Then add 50 c.c. distilled water. Two drops 
of phenolphthalein arc introduced, and from a second 50 c.c. 
burette standard nitric acid is run into the rose-colored solution 
until one drop of acid discharges this color. The total numl)er 
of c.c. of alkali added, less the numbi'r of c.c. of acid required to 
discharge the rose color, multiplied by 0.01, gives the percentage 
of phosphorus in the sample, f 

The following equation shows how the reaction proceeds: 

2 [(NH 4 ) 3 P 04 • 12Mo03l+46Na()H 

— 2(NH4)2HP04-|-(NH4)2Mo04-j-23Na2Mo04-|-22H20. 

According to the equation I c.c. of normal Nat)I{ solution should 
equal 1.3494 m^. of phosphorus (i.e., 40.008 grams NaOH dissolved 
in water and diluted to I liter = normal NaOH). 46NaOH = 2P 
= 62.08 grams, or 46X40.008 grams NaOH = 62.08 grams of P, 
or 40.008 grams NaOH = 1.3494 grams P. 

Gravimetrk’ Phosphorus 

If it is desired to check the volumetric method by weighing 
the yellow precipitate, proceed exactly as given under the latter 
process, with the following exceptions: 

First. Filter all solutions as in pig iron. 

Second. Omit the washing with potassium nitrate and use 
only the dilute nitric wash to remove iron, leaving the acid in 
the filter paper. 

Third. Filter the yellow precipitate on 7 cm. ashless filters 
that have been previously weighed hot between watch glasses 
with edges ground to fit water-tight when held firmly together, 
nearly full of water, in a vertical position. 

These filters are weighed hot and as rapidly as possible after 
having been dried at the temperature of boiling water. The 

* It is safer to add, at least, 1 or 2 c.c. excess of the alkali standard. 

t Figs. 21, 22 and 23 were designed some years ago by Dr. Edward S. 
Johnson. 
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phospho-molybdate is collected on the weighed filters and washed 
free from iron with the dilute nitric acid. The filters are again dried 
as before, for one hour, and weighed. The weight of the filter 
paper plus the drieS precipitate, less the weight of the paper, 
less the blank (obtained by^ filtering a clear filtrate from some 
previous phosphorus determination through a weighed paper, 
washing it, drying it and reweighing it as in an actual analysis) 
equals the percentage in the sample when 1.63 grams are used 
for analysis. This method is valuable only as a check, as too 
much time is consumed. 

In both methods the filtrates and washings are placed on a 
shelf for one hour. If a cloudy ring forms at the junction of the 
washings and the main body of the filtrate, results will be too 
low. If the cloud gradually spreads, the results may be as much 
too low as 0.01 per cent in a possible 0.100 per cent. 

After considerable practice one can estimate with sufficient 
accuracy for most mill control all phosphorus 0.02 per cent and 
under by simply examining the yellow precipitate after it has 
had an opportunity to settle for about twenty minutes in the 
5-ounce beaker. The prevention of cloudy filtrates will be 
discussed under the heading ^'Molybdate Solution.” 

Standard Sodium Hydroxide Solution —One hundred and 
fifty grams of sodium hydroxide and 1 gram of barium hydroxide 
are dissolved in 1000 c.c. of water. Let the solution stand for 
two days. Sipl^pn off the fluid and dilute it to 2 liters. 
Oilute 275 c.c. of this stock solution to 3500 c.c. Measure out 
exactly 100 c.c. for standardization, leaving 3400 c.c. On testing, 
suppose it is found that 20 c.c. of the alkali standard equal 20.75 
c.c. of the acid standard. This gives the proportion 20 : 20.75 
:: 3400 : A( = 3527). Therefore dilute the remaining 3400 c.c. to 
3527 c.c. when 20 c.c. of the NaOH standard will equal 20 c.c. 
of the standard acid or 1 c.c. NaOH = 0.010 per cent phosphorus 
when 1.63 grams of sample are used for analysis. It is always 
best to confirm this value by running several steels whose phos- 
phorus content is accurately known. 

Standard Nitric Acid— Dilute 74 c.c. 1.20 nitric acid to 
3500 c.c. Draw off exactly 100 c.c. for testing. On titrating 
with standard NaOH, suppose it is found that 19.2 c.c. of the 
acid equal 20 c.c. of the alkali: 19.2 c.c. : 20 c.c. ::3400 : X 
( = 3541). 
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Therefore the roniaininp; 3400 c.c. are diluted to 3541 c.c. when 
20 c.c. of standard acid should equal 20 c.c. of standard alkali. 

For preparation of 1.20 s|>ecitic gravity nitric acid from con- 
centrated acid, see C4iapter XX. * 

Acid Molybdate Solution.— l)issolve 183 grams of unignited 
molybdic acid plus 2 grams of ignited (melted) molybdic acid in 
900 c.c. of 11.50 per cent ammonia water plus 250 c.c. of distilled 
water. Cool this solution and add it a little at a time to 27(X) c.c. 
1.20 nitric acid. Cool the nitric acid after ea(*h addition of the 
molybdate. If the nitric acid is allowed to get too gr(‘atly heated 
the molybdic .salt will precipitate in large quantity. Filter 
through a pulp filter (using siiction) after twelve hours’ standing. 

Some years ago the author observed that a solution of ammo- 
nium molybdate in nitric' acid, made as here given, will produce 
different varieties of the yellow prc'cipitate. Other conditions 
being unchanged, an ammonia solution of molybdic acid pre- 
pared from ignited, i. e., crystalline anhydrr)us molybdic acid, 
causes theryellow precipitate to .separate from the nitric acid 
solution of the steel in an extremely fine state of division. Such 
a precipitate will remain susptmded in the solution for hours 
without subsiding and will run through a filter paper almost 
as though it were a solution instead of a precipitate. This 
precipitate has only one redeeming feature: It is the least soluble 
in the dilute nitric wash of any of the varieties of ammonium 
phospho-molybdate that are encountered qnder the conditions 
that arc cited here. Now if no ignited molybdic acid is yped 
in the preparation of the molybdate solution, the phospho- 
molybdate settles rapidly and docs not run through a filter. 
But this variety has the objection that it is the most soluble 
form of phospho-molybdate, in nitric acid. This variety of 
precipitate will leave the filtrate perfectly clear, but after the 
latter has stood for an hour (if much precipitate has dissolved 
in the wash water) or perhaps not until the next day (if little of 
the yellow precipitate has dissolved in the dilute nitric wash) a 
milky ring of phospho-molybdate will appear at about the point 
where the washings lie on top of the main body of the filtrate. 
If much of the yellow precipitate has been dissolved, say about 
iV or ^ of its weight, this cloud will spread through the entire 
filtrate. 

The ideal yellow precipitate is that one whose physical con- 
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dition is such that it will give a clear filtrate and be practically 
insoluble in the wash. The author has had brands of molybdic 
acid that require equal w^eights of the crystalline molybdic acid 
and of the unignited vafiety to produce the desired results. At 
present but 2 grams of the crystalline material are needed for 
the particular brand of molybdic acid now in use. 

To prepare crystalline molybdic acid the author melts in a 
porcelain dish the ammonia-free, so-called c.p., molybdic acid 
which melts rapidly at a bright red heat to a clear fluid, and, 
on cooling, forms handsome crystals that can be readily reduced 
to a powder in a porcelain mortar. 

Potassium Permanganate Solution for Oxidation of the 
Carbon. — Fifty grams of the salt dissolved in 1 liter of water. 

Ferrous Sulphate Solution. — Two hundred and fifty grams of 
the phosphorus-free salt dissolved in 1000 c.c. of water acidulated 
with 20 c.c. 1 : 3 sulphuric acid. 

The Preparation of Ferrous Sulphate from Steel Drillings.— 
A very effective ferrous sulphate solution can be prepared as 
follows; Dissolve 55 grams of low phosphorus steel drillings 
in a mixture of 55 c.c. of cone. H 2 SO 4 and 200 c.c. of water; 
add more water at intervals, heating gently. Do not boil. 
When all action is over dilute to 500 c.c.; filter through a large 
folded filter or on a plug of washed filter paper pulp; cool and 
dilute to 1000 c.c. with water. 

Dilute Nitric Ac^d Wash. — Two hundred .and thirty c.c. 
1.2Q nitric acid diluted with 8100 c.c. of water. 

Potassium Nitrate Wash. — Dissolve 50 grams of potassium 
nitrate in 2500 c.c. of water for a stock solution. 

Dilute 700 c.c. of the latter with 7000 c.c. of water to con- 
stitute the wash. 

Phenolphthalein Indicator.— One gram of this substance is 
dissolved in 100 c.c. of absolute alcohol. 

Phosphorus in Vanadium Steel 

E. W. Hagmaier, in Met. Chem. Eng., Vol. XI, No. 1, sepa- 
rates the phosphorus by cerium chloride. In the case of a 

* See remarks at the close of Chapter XI, page 269, on the proper way to 
drill a steel sample in order to obtain borings that represent the average of 
the piece in phosphorus, sulphur, silicon an(f carbon. 
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tungsten steel, dissolve the steel as for tungsten as given on pages 
114 to 116. Instead of adding the molybdate solution as directed 
on page 116, this chloride solution should entirely reduced with 
SO 2 ; then add 5 c.c. of 90 per cent acetic acid and 10 c.c. of a 
saturated solution of cerium chloride. Next add 1 : 3 ammonia 
slowly until a permanent turbidity is obtained. Boil; let settle; 
filter; wash a few times with hot water; dissolve in 1:1 hot 
nitric acid and precipitate the phosphorus with molybdate solu- 
tion. If the vanadium is in excess of 1 per cent, the cerium 
phosphate must be redissolved, and reprecipitated to remove all 
of the vanadium. The cerium phosphate is then dissolved off 
the filter with the nitric acid and finished as above. See pages 
318 to 323 for the author’s method for phosphorus in the 
presence of vanadiam. 

Acid Molybdate Solution No T.onger Used 

The authpr abandoned the use of the acid molybdate several 
years ago and uses the slightly ammoniacal water solution of 
ammonium molybdate instead. See page 323. 
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Part IIL 

THE DETERMINATION OF PHOSPHORUS IN VANADIUM STEELS, 
FERRO-VANADIUM, NON- VANADIUM STEELS, AND PIG IRON, 
USING A FAINTLY AMMONIACAL WATER SOLUTION OF 
AMMONIUM MOLYBDATE. 

L — Method for Steel Containing Vanadium Up to 2.6 
Per Cent 

Ibbotson and Brcarley, in 1902, f recommended that phos- 
phorus be precipitated from the reduced solution of vanadium, 
using ferrous sulphate as a reducing agent, claiming thereby 
to aid in the precipitation of phosphorus when vanadium ii 
present. 

Cain and Tucker, in 1913, J recommended that the vanadium 
present be reduced with ferrous sulphate and sulphurous acid for 
the same purpose. 

The method here^ described gives a successful and convenient 
method for complete precijiitation of phosphorus in the presence 
of highly oxidized vanadium: 

Place 1.63 grams sample in 150 c.c. beaker. Dissolve in 45 c.c. 
HNO 3 (1.13 sp. gr.) over a low flame. When solution is clear 
and brown fumes have been driven off, add 3 c.c. KMn 04 solu- 
tion; boil three minutes; then add 3 c.c. FeS ()4 solution to 
dissolve precipitate due to the excess permanganate; boil until 
brown fumes are gone. Avoid large excess of ferrous sulphate. 

Add 40 to 50 c.c. cone. HNO 3 (1.42 sp. gr.); bring to a boil; 
rinse cover and sides of beaker with least amount of distilled 
water; then add 50 c.c. of the water solution of ammonium 

* Reprinted from the Journal of Industrial and Engineering Chemistry, 
Vol. XI, No. 2, page 133. February, 1919. 

t “Analysis of Steel Works Materials.” 

t Jour. Ind. and Eng. Chem., V (1913), 647. 
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molybdate. Stir .vigorously for a minute o; two and let stand 
overnight. 

Decant through a 7 cm. paper, placing a little paper pulp in 
apex of filter, keeping the main prccipitaite in the beaker. Wash 
iron out of filter by washing fifteen times with the nitric wash, 
then proceed to pour the main pi^cipitate on the filter. 

Transfer all of precipitate as far as possible, with the aid 
of the nitric wash. Add about 2 c.c. of wrsh to the beaker and 
remove adhering particles with a rubber-tipped glass rod. Use a 
separate beaker for catching the washings. Wash fifteen times with 
the dilute nitric wash; then twenty-five times with KNOrj wash, 
or until the outsick' of the filter has no sour taste, especially 
along the double thickness. 

Place the filter containing th(‘ washed precipitate in a 150 c.c. 
beaker; add enough standard NaOH solution to cause the yellow 
color of the precipitate to disap[X'ar on macerating the paper to 
a pulp with a rubber-tipped stirring rod. Dilute to about 30 c.c. 
with distilled water; add a drop of phenolphthalein solution, 
which should cause a deep red coloration, otherwise more standard 
NaOH solution is needed; then titrate back carefully with 
standard HNO 3 solution until the pink just disappears. Sub- 
tract total c.c. of a(!id used from total c.c. of alkali used. The 
difference in c.c. X 0.01 percentage P. 


TABLE I-SH()WIN(; EFFECT OF INCREASINC AMOUNTS OF 
NITRIC A(RD (1.42 Sp. Cit.) ON PIIO.SPHO',lUS RECOVERY ^ 


Vanadium 

Added 

Per Cent 

l .■) e e U N ( >3 
Added 

P Foi l ml 

.10 ce UNOi 
Added 

P Found 

40 ec nN(>3 
Added 

P P'ound 

.'>() or HNOi 
Added 

P Found. 

None 

0.121 

fO 121 
10.122 

/O 121 

1 0 120 

0 121 

0.20 

0.110 

0 121 

0 121 


0.40 

0 114 

0 118 

0.121 


0.60 

0 111 

0 117 

0 120 


0,80 

0.110 

0 116 

0 121 


1.00 

0.110 

0 115 

0 120 

0.119 

1.40 

0.110 

0 112 

1 0 121 

0.122 

1.80 

0.105 

0 112 

j 0 119 

0.121 

2.20 

0 099 

0 111 

0.119 

0 120 

2.60 

0.093 

0 108 

0.117 

0.117 


‘ This work was done with 1.63 grains samples of U 3. Bureau of Standards, 0.120 P 
standard, 106. 
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Remarks . — The tests with the higher vanadium content were 
more tardy in precipitating than the lower ones, though all 
settled well after forty minutes^ standing. Those to which 
15 c.c. cone. HNO 3 \fere added gave deep orange precipitates, 
darkening in color about in proportion to the vanadium content, 
clinging tightly to the stirrirtg rods and beakers. The three 
highest vanadiums are lower in yield of phosphorus than the 
preceding ones because of the impossibility of detaching the 
adhering precipitate from the stirring rods. 

Those with 30 c.c. cone. HNO 3 were an improvement in 
speed of precipitation, color of precipitate, and cleaning from 
beakers and rods. Those with 40 c.c. and 50 c.c. showed the 
best colored precipitates, i.e., nearest the normal yellow phospho- 
molybdate color and gave water-white washings, from which no 
recoveries of phosphorus were made. The 50 c.c. ones were a 
little prompter than the 40 c.c., though both sets were a 
vast improvement over the 15 c.c. and 30 c.c., and both 
cleaned very easily from beakers and rods and gave good 
results. 

The precipitate from the 15 c.c. cone. HNO 3 in particular 
seemed to be too finely divided and passed through the pores 
of the filter, necessitating reprecipitation of the washings in all 
those of higher vanadium content. 

The vanadium was added as nitrate from an acid solution 
made as follows: Fuse 4.5 grams V 2 O 5 (56.14 per cent V) with 
10 grams Na 2 C 03 in a platinum crucible for ten to fifteen minutes. 
Let cool; place in a 400 c.c. Ix^aker; add 10 c.c. water; then HNO 3 
(1.20 sp. gr.) until effervescence ceases and 25 c.c. in excess. 
Rinse off crucible thoroughly with distilled water; cool solution 
to room temperature; transfer to 500 c.c. flask; dilute to 
the mark with water; stopper, and shake to mix thoroughly. 
1 c.c. =0.00505 gram. V. 1 per cent V in 1.63 grams sample = 
3.25 c.c. solution. . 

The vanadium was added after the tests were weighed and 
before the 45 c.c. HNO 3 (1.13 sp. gr.) were added. The vana- 
dium was, in each instance, reduced from yellow to green, due 
to the action of the reducing gases liberated by the reaction 
between the acid and the steel. The 40 to 50 c.c. cone, nitric 
added just before removing from the fire caused the yellow 
vanadic color to return. 
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Solutions Required.— A’itnc Acid far Titrating.— Dilute 35.4 
c.c. HNO3 (1.42 sp. gr.) to 4000 c.c. with distilled water. 

Stock Solution of Sodium Hydroxide.— Dissolve 150 grams 
NaOH (c.p. sticks) and 1 gram Ba(OH)2 in 1000 c.c. water. 
Stir well and allow to stand twenty-four hours. Filter off the 
clear solution (nr decant if preferable) and dilute with an equal 
volume of distilled water. Put into a 2-liter bottle and close 
with a rubber stopper. 

Sodium Hydroxide Solution for Titrnting, —Dilute 566 c.c. 
stock 8 )lution to 8000 c.c. with distilled water. 

Ferrous Sulphate Solution. — Dissolve 55 grams steel (low in 
phosphorus and sulphur) in 1000 c.c. beaker in 720 c.c. H2SO4 
(1 . 3). Add a little water occasionally to prevent salting out, 
and heat gently, but do not boil. Filter, cool, and dilute to 1000 
c.c. 

Potassium Permanganate Solution.— Dis^oWe 50 grams KMn04 
in 1000 c.c. water. 

Aiimie lFasA.— Dissolve 8 gram ; KNOd in 8000 c.c. water. 

Acid JTas/i.— Dilute 102.4 c.c. HNOa (1.42 .sp. gr.) to 8000 c.c, 
with water. 

Faintly Ammoniacal Water Solution of Ammonium Molybdate. 

Into each of four 800 c.c. casseroles weigh 55 grams ammo- 
nium molybdate and 50 grams ammonium nitrate, and add 
40 c.c. ammonium hydroxide (0.95 sp. gr.). Dilute each to 700 
c.c. with water. Heat for about thirty minutes, stirring once 
in a while until all salts are in solution, f'ombine contents of 
the four beakers by pouring into a large bottle; then dilute to 
4000 c.c. with water. D^t stand overnight. Filter the insoluble 
material through double 15 cm. pafx^rs. Do not wash. The 
clear solution thus obtained should remain clear indefinitely. 
Do not filter out the insoluble material until the total mixture 
from the four beakers has stood overnight. The insoluble should 
not weigh over 1 or 2 grams. 

II.— Method for Phosphorus in U. S. Standard Steels and 

Pig Irons to which have been Added 28 Per Cent 

Vanadium and in Ferro-Vanadium Containing 56.7 

Per Cent Vanadium 

Procedure.— Weigh out 0.5 gram steel and 0.5 gram V2O6 
(56.14 per cent V). Transfer to 250 c.c. porcelain dish. Digest 
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with a mixture of 30 c.c. HCl (1.20 sp. gr.) and 30 c.c. HNO3 
(1.42 sp. gr.) for about one hour; then rinse off cover, add 100 c.c. 
HNO3 (1.42 sp. gr.), and take to dryness. Bake five minutes at 
750° C. in an electric muffle furnace. 

Dissolve the oxides in 35 c.c. cone. HCl, evaporate to 10 c.c.; 
add 50 c.c. HNO3 (1.42 sp. gr.), take to 10 c.c. volume, then 
add 10 c.c. more strong nitric and heat awhile with cover glass 
on. Filter through a platinum Gooch crucible with a thin pad 
of acid-washed asbestos, using suction. Wash fifteen times, 
using the following wash: 200 c.c. HNO3 (1.42 sp. gr.), 100 c.c. 
water, and 20 grams Fe(N03)3. (Ferric nitrate made by dis- 
solving 5 grams low phosphorus, melting bar steel in 50 c.c. HCl 
(1 : 1) and taking to syrupiness twice with 50 c.c. HNO3 (1.42 
sp. gr.) each time.) 

Concentrate the filtrate from the separated V2O5 to 10 c.c. 
in 150 c.c. beaker and filter out the second crop of vanadium 
“rust” as before. A third concentration to 10 c.c. should show 
no “rust” (V2O5). 

To the third concentration add 40 c.c. HNO.3 (1.42 sp. gr.), 
and bring to a boil; rinse cover and sides with water and pre- 
cipitate with 50 c.c. of the faintly arnmoniacal ammonium molyb- 
date solution. Stir vigorously for about two minutes. Let stand 
one hour; filter and wash as described for steels containing up 
to 2.6 per cent V. Titrate with alkali and acid in the usual 
manner. 

TABLE II— RESULTS OBTAINED USING THIS METHOD ON 
U. S. STANDARDS 


No. 

Standard. 

V^Os 

Added 

Mg 

P Found 

Per Cent 

Per Cent P 
Given by 

U S Govt. 

1 

Iron D, 6a V 2 O 6 

500 

0 522 

0 526 

2 

Iron D, 66 V^Ot 

500 

0 531 

0 581 

3 

IO 6 V 2 O 5 

500 

0.124 

0.120 

4 

106 V 2 O 5 

600 

0 115 

0 120 

5 

No. 20 Standard VaOs. 

500 

0.033 

0.031 

6 

Ko. 20 Standard V 2 O 6 . . 

600 j 

0 033 

0 031 


In the above procedure an average of 0.007 per cent P was 
found in the V2O6 added. 



PHOSPHORUS IN NON-VANADIUM STEELS 


323 


TABLE III— PHOSPHORUS IN FERRO-VANADIUM, 5G.7 PER CENT 
VANADIUM 


Author’s Method hv 
Removal of about Two- 
thirds of ViOf, and 
Pptn With Faintly 
Ammoniacal Ammo- 
nium Mcrlybdite 
Solution 

V;()s Reduced with 
FeS()4 and ILSOj 
Pptn with Aeul 
Molybdate Solution 
No V Removed 

Acid Molifbdato 
Pptn No Extra 
HNOi Added No 
• V Removed 

Faintly Ammoniacal 
Ammonium 
Molybdate Pptn. 
plus 40 e c HNOi 
(1 42 sp KT ) 

No V Removed. 

Per Cent P. 

Per Out P 

Per Cent P 

Per Cent P. 

0 414 

0 240 

0 0.53 

0 185 

0 418 

0 ’232 

0 108 

0 183 

0 397 

0 23.5 



0 401 

0 22,8 




0 234 




0 200 

0 220 




III. — Method for Determining Phosphorus in Non-Vanadium 
Steels and Pig Iron, Using a Faintly Ammoniacal Water 
Solution of Ammonium Molydbate. 

Procedure . — Weigh 1.G3 grams sample into 150 c.c. beaker. 
Dissolve in 45 c.c. HNO 3 (1.13 sp. gr.) over low flame. (In case 
ot pig iron and certain chrome steels, when all metal is in solu- 
tion filter off carbon residue through 7 cm. paper; wash fifteen 
times with dilute HNO 3 , wash, catching filtrate in 150 c.c. beaker. 
Concentrate filtrate to original volume.) * 

Add about 3 c.c. of the KMn 04 .solution, boiling for three 
minutes, then just enough FeS ()4 solution (about 3 c.c.) to dis- 
solve the oxides of mangaiK'se. Boil off brown fumes. Add 
15 c.c. HNO 3 (1.42 sp. gr.). Rinse cover and sides of lieaker 
with least amount of water, add 50 c.c. ammonium molybdate 
solution, and stir briskly until phosphorus precipitate is com- 
pletely formed (about two minutes’ .stirring). Let stand one-half 
hour or less. Filter through 7 cm. paper; wash fifteen times with 
dilute HNO 3 wash; then with nitrate wa.sh until the outside fold 
of the filter has no sour taste. In case of high phosphorus samples 
this may mean as much as thirty-five or forty times. 

(The washings in such a case were kept separate from the 
main filtrate, concentrated to 10 c.c., acidified with 15 c.c. cone. 
HNO 3 and 50 c.c. of ammonium molybdate solution added. 
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It was then allowed to stand overnight. There were no recov- 
eries, showing the insolubility of the precipitate in the wash.) 

TABLE IV— COMPARING RESULTS OBTAINED WHEN USING 
FAINTLY AMMOl^IACAL WATER SOLUTION WITH THOSE 
OBTAINED BY USE OF A NITRIC ACID SOLUTION OF 
AMMONIUM MOLYBDATE ‘ 


Sample No 

Slightly .\mmoniaeal 
Water Solution of 
Molybdate 

Per Cent P Found 

Nitric Acid Solution of 
Ammonium Molybdate 
Per Cent P Found 

9 

0 054 

0 056 

34 .. 

0 023 

0.023 

7132 

0 019 

0 018 

3622 ... 

0 056 

0 054 

1 ... 

0 013 

0 014 

2 

0 058 

0 058 

4 

0 042 

0 044 

5 

0 052 

0 052 

70 055 

0 055 

0 052 

80 042 

0 042 

0.044 

X, pig 

0 736 

0 730 

r, steel 

0 006 

1 0 004 

3641 

0 050 

0 049 

34 . 

0 025 

0 025 

39 

0 058 

0 056 

Pig iron standard, A 

0 097 

0 096 


‘ See Iron Age, April 5, 1917 


TABLE V— SHOWING RESULTS OF TESTS ON U. S. GOVT. 
STANDARDS 


Sample. 

P Found Per Cent. 

U S Bureau, 

P Value Per Cent 

Pig iron, D, third set . . 

0.610 

0.602 

Pig iron, B 6a 

0.104 

0.105 

Pig iron, D 6a 

0 540 

0.545 

Steel, 106 

0 119 

0.120 


This method is the same as the one published by the author 
in Iron Age, April 5, 1917, except that it was afterwards found 
that more rapid precipitation of the yellow precipitate was 
secured by the addition of 15 c.c. of concentrated nitric acid 
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(or 30 c.c. 1 : 1 acid is safer to handle) to the lx)iling solution of 
the sample just before removing from the fire to add the molyb- 
date solution; and 1.13 sp. gr. HNO 3 is/ised instead of 1.20 
as the steels in general dissolve more rapidly in the 1.13 acid. 

Advantages of the Foregoing Methods for Ordinary Routine 
Work on Plain and Other Steels.— (1) The simplicity of the 
preparation of the faintly ammoniacal water solution of ammo- 
nium molybdate as compared with the elaborate method of pre- 
paring the old acid molybdate solution in nitric acid. 

(2) The handling of the acid molylxlate is disagreeable, hard 
on the clothing and fingers of the opc'rator and on table tops. 
The slightly ammoniacal water solution is harmless in the.se 
particulars. 

(3) As stated, the slightly ammoniacal water solution keeps 
as clear as distilled water after it has been proix'rly filtered; 
and its precipitating power is constant, whereas the old acid 
solution soon becomes turbid and therefore its precipitating 
power is continuously lessened. 

(4) The interference of vanadium up to at least 2.6 per cent 
V in the determination of phosphorus is prevented in a simple 
way and the true phosphorus is obtained from ferro-vanadium 
containing the very high vanadium content of 56.7 per cent. 

Acknowledgment . — Credit is due Mr. F. D. Hawkins for his 
careful analytical work when making the trial analyses required 
by the author to prove the foregoing. • 
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Part IV 

THE ANALYSIS OF FERRO-PHOSPHORUS 
Silicon 

Fuse 0.5 or 0.6 gram of the floured sample in a finely ground 
mixture of 10 grams of sodium carbonate and 2 grams of potas- 
sium nitrate in a platinum crucible. After a complete fusion 
is gotten as shown by the melt being practically free of boiling 
at a bright red heat, cool the melt by running it around the 
sides of the crucible; dissolve it out of the crucible with water 
in a platinum dish; transfer the water solution and all to a 600 
c.c. casserole, cleaning the crucible by heating in it some cone. 
HCl; add the cleanings to the casserole whose contents have 
been meanwhile acidulated with 75 c.c. of cone. HCl. Heat the 
casserole with a watch glass on it until all effervescence has ceased ; 
remove the cover and evaporate to dryness; cool; add 20 c.c. 
of cone. HCl; heat for some minutes to dissolve the iron; add 
150 c.c. of water and heat again to dissolve the sodium salts; 
filter out the silicic acid and wash it free of iron test with 1 : 20 
HCl. Burn off the paper containing the silicious matter in a 
weighed platinum crucible and finish it as in steels, using HF 
and a few drops of H2SO4. (See page 349.) The residue remain- 
ing after volatilizing the silicon may contain a little iron and 
phosphorus. Fuse this residue with twenty times its weight of 
anhydrous sodium carbonate; dissolve the fusion with HCl and 
add the solution to the main filtrate from the silicious matter. 

Phosphorus 

The main filtrate from the silicon now contains all of the 
phosphorus and iron. Dilute this filtrate to 400 c.c. with water; 
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add 2 grams of citric acid, to keep the iron from reprecipitating, 
and then a slight excess of ammonia. Heat the solution to 
nearly boiling and pass through it a stream of hydrogen sulphide 
that has been washed by bubbling throuji^i a wash bottle con- 
taining about an inch of distilled water. The original form of the 
2 quart Kipp is the most practiearform of H 2 S generator. The 
iron sulphide that is supplied fused and in sticks is the l)cst for 
this work. The 1:1 H('l should be used to attack the iron 
sulphide. When the black sulphide in the main filtrate has 
settled out well and falls to th(‘ bottom of the beaker, stop the 
stream of the II 2 S and filter out the sulphides of iron and some 
platinum (the cnu'ible is attac'ked some by the niter in the flux). 
Wash the sulphides abou fiftecMi times with water saturated 
with H 2 S. Place the filter containing the sulphides in a porce- 
lain dish and pour over it 30 c.c. of 1 : 1 IK 3 and warm it with 
the cover on at not over a water-bath temperature for an hour 
to dissolve the iron sulphides. If platinum is present there 
will remain, some insoiubh* platinum sulphide which can be 
filtered out together with th(‘ paper pulp from the first filter 
which was placed on the acid. The second filter is waslu‘d at least 
twenty times with 1 : 40 H('l and th(*n further until the washings 
no longer give an iron test with either potassium ferricyanide 
or with ammonium sulphocvanate. This filtrate and washings 
from the pulp and platinum sulphide contain all of the iron 
and perhaps still a portion of the phosphorus. Two grams of 
citric acid are again addcnl and the iron is again separated in hot 
solution with IhjS as before. Filter out the sulphide of iron and 
wash it as in the first instance. Retain the iron sulphide to get 
the total iron. The two sets of filtrates and washings from the 
H 2 S precipitations are combined and made acid with about 50 c.c, 
of 1 : 1 HCl and are heated with a cover on until all effervescence 
due to the escape of H-jS is over. Rtanove the cover and evapo- 
rate to 100 c.c.; add wat(‘r if necessary to dissolve any crystals 
that may have formed; filter out any insoluble matter; add 
150 c.c. of cone, nitric acid and iieat in the covered beaker until 
all action between the nitric acid, the chlorides, and the citric 
acid is over; then transfer to a large casserole and evaporate 
low. When brown fumes begin to develop again, cover the 
vessel and add 50 c.c. more of the cone. HNO3. Heat until all 
action is over; remove the cover and evaporate to dryness; 
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cool; add 75 c.c. of cone. HCl; cover; heat until action ceases; 
evaporate again to dr 5 Tiess; cover again; add once more 75 
c.c. of HCl and evaporate dry; cool; heat with 25 c.c. of cone. 
HCl with the cover <on for ten minutes; add 150 c.c. of water 
to dissolve the salts; filter; wash the filter with water until the 
washings are free of chloridds; make the filtrate and washings 
just neutral with ammonia; cool; add 40 c.c. of magnesia 
mixture; stir well; add to the solution one-third of its volume 
of cone ammonia; and stir the solution for one or two minutes 
and let it stand for twelve hours. Then filter out the ammonium 
magnesium phosphate and wash it with 5 c.c. of cone, ammonia 
diluted with 500 c.c. of water, until the washings no longer give 
a cloudiness after being acidulated with a few drops of dilute 
nitric acid and tested with a little silver nitrate solution. The 
washings should be kept separate from the main filtrate. Both 
the filtrate and washings should be tested by adding 10 c.c. more 
of the magnesia mixture and to the washings should be also 
added one-third of its volume of ammonia. If any precipitate 
forms in either the filtrate or the washings it is filtered, washed 
and added to the main precipitate. Dry the filters containing 
the phosphate precipitates, and then smoke off the volatile por- 
tion of the filter papers below redness to avoid losing particles of 
the phosphate; do not heat the platinum crucible hot enough to 
ignite the gases coming from the papers. When the smoking 
ceases, raise the heat to low redness, and finally hot enough to 
obtain a pure white residue of magnesium pyrophosphate. Do 
not use a blast lamp temperature as the platinum will be badly 
attacked by the phosphate. Weigh the Mg 2 P 207 ; dissolve it 
in HCl; filter out any insoluble silica; wash it; weigh it and 
deduct it from the first weight; calculate the net weight to 
metallic phosphorus by use of the factor 0.2787. 

Magnesia Mixture consists of 25 grams of magnesium chloride, 
50 grams of ammonium chloride, 100 c.c. cone, ammonia and 
200 c.c. of water. This mixture is stirred until the salts are 
dissolved, and after standing for at least twenty-four hours it 
is filtered for use. 

Sulphur in ferro-phosphorus is obtained by fusing the finely 
ground sample as given for phosphorus, continuing the analysis 
exactly as for this element until the silicon has been filtered off. 
The filtrate and washings from the silicious matter are then 
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diluted to 400 c.c. and the sulphur is precipitated with BaCb, 
using 25 c.c. of a saturated solution of the barium salt. The 
barium sulphate is filtered off after twelve hours and the deter- 
mination is then fiinshed as in steels. 

Iron is obtained from the sul 4 ;)hide gotten from the second 
precipitation with HoS in the analysis for phosphorus. The 
sulphide is roasted in a porcelain crucible until free of the paper; 
the ash is dissolved in HCl; reduced with stannous chloride 
and titrated with potassium dichromate as in iron ore. The 
iron can also be obtained in the sulphur determination by fusing 
1 gram of the sample as above for sulphur; the filtrate from 
the silicious matter can be divided into two equal parts and one 
part can be finished for sulphur and the other half is precipi- 
tated with ammonia to remove the platinum from the iron. 
The latter is then dissolved off the filter with HCl and finished as 
given for iron ore. Sulphur can also be gotten by carbonate and 
peroxide fusion in an iron crucible as on pages 47 and 57. 

Manganese is gotten in the same manner as for manganese 
in insoluble ferro-titanium. (See page 48.) 


TYPICAL ANALYSES 



No 1 

No 2 

Iron 

79 44 

78 16 

Manganese 

0 05 

0 06 

Phosphorus 

18 51 

20 45 

Sulphur 

0 67 

0 55 

Silicon 

0 76 

0.54 

Carbon 

0.26 

0.16 
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Part V 

SULPHUR IN STEEL, MUCK BAR, PIG IRON AND WASHED METAL 

Volumetric 

Dissolve 3 grams of sample in 70 e.c. of 1:1* hydrochloric 
acid. More than this amount of acid is sometimes required 
for rapid solution. The dissolving flask is the author’s design 
and is made in a mold with a. fire finish, ring 
neck. The flask, being made in a mold in- 
stead of by hand, has a perfectly round neck 
and always takes a No. 6 rubber stopper. 
Its capacity is 275 c.c. to base of neck, and 
its height is 165 mm. It is a great conven- 
ience to have these details always the same. 
(Fig. 23A.) Previous to designing this flask 
much trouble was experienced in different lots 
of flasks. In the same lot some would rc- 
t quire a No. 4, others a No. 5, and some a 
No. 6 stopper to get a good fit. Then 
ground finish flasks will crack at the neck 
when placed in the heater to dry out the 
Fig. 23A. water. Drillings are never weighed into wet 

flasks. The No. 6 stopper is perforated with 
three holes, one to receive a bulb funnel of 75 c.c. capacity. 
This funnel is also designed to facilitate the work. It has an 
opening at the top of the bulb of 15 mm. diameter. The glass 
cock has an extra large hole bored in it (3^ mm. diameter) to 
permit of rapid flow of the acid from the bulb into the flask. 
The total distance from the base of the bulb to* the outlet in 
the stem is 145 mm. The second hole in the stopper admits 

* Two parts of 1.20 HCI (cone.) to 1 part of water are more reliable as 
some kinds of pig iron show no sulphur at all by the evolution method with 
weaker acid. 
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a small tube that dips just below the level of the fluid in flask. 
After the iron is completely dissolved, hydrogen is forced through 
this inlet for from three to five minutes to drive* out any hydrogen 
sulphide that may remain in the interior of the flask. The 
third hole admits the delivery which carries th(^ evolved 
gases to the bottom of the al)sorbing solution of ammoniacal 
cadmium chloride. This solution is contained in a thick-wall, 
thick-bottom, test tube about 10 inches by 1 inch. Fifty c.c. 
of the solution are used for each analysis. 


The Evolution Apparatus for the Determination 
OF Sulphur in Plain ( arron Steels. 

The bulb funnel referred to on page 330 is shown at H in 
Fig. 24. At D the thick wall, 10 XI incli, containing the am- 



moniacal cadmium chloride solution is given. The tube F with its 
four branches distributes the hydrogen to each dissolving flask 
E. On each branch a screw pinch cock, not shown in the cut, 
is located at the point G to shut off the hydrogen from any one 
flask E. The delivery tubes are as shown at C. 

The flask is clamped in a rack supporting four flasks to the 
stand.* Each stand is supplied with four burners. The top of 
the stand on which the bottoms of the flasks rest is an asbestos 
♦ See Fig. 24. 
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copper-rimmed board with a circular hole of 42 mm. diameter cut 
in it immediately over each burner. The bottom of the flask 
rests in this hole. Hanged alongside of this rack is a wooden 
one holding the four absorption tubes. As many such sets of 
four are in operation at one time as the chemist can manage 



When the solutions no longer evolve gas to any extent without 
the aid of heat, the flames are raised slightly so as to maintain 

* Drawing No. 25 shows the connections for a single flask for the evolution 
of sulphur in steel, etc. This arrangement differs from that shown on page 
331 in that the delivery tube is disconnected at K when the evolution is 
completed. The tube J is left permanently in the stopper. This is a much 
safer arrangement than the old one where J and K and C were all one piece 
of glass tubing. By the old way frequent breakages resulted at J and quite' 
a few cut Angers. 
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a very slight boiling action. When heat no longer produces 
gas bubbles in the absorption tulx's, the hydrogen is turned in 
and a rather rapid passage of this gas is continued for from three 
to five minutes. The cocks on all of the*bulb funnels are then 
opened. The hydrogen is shut off at each flask. 

The cadmium solution contaimng the precipitate of sulphide 
is poured on a rapid running 1 1 cm. filter. The absorption tube 
is rinsed with water and the washings are poured on the filter. 
The latter is washed three or four linu's with water. The 
delivery tube, if mu(‘h precipitaU^ adlKMws tu it, is cK'anst^d by 
rubbing it with a little filter paper. 'Fins small piece of paper 
is then dropped in on the main portion of the cadmium sul* 
phide to which it belo.ugs. Th(‘ (k'livery tube, without further 
washing, is put bac k into its respective absorption tube. 

Both tubes together with the filter paper containing the 
major part of the sulphide* are tak(‘n to the titration table 
together with the other tests which have been similarly per- 
pared. The filter paper with the adhering sulphide is placed 
in a 1000 c.c. beaker containing 500 c.c. of water. For con- 
venience the beaker should have an etclaal mark on it to indicate 
the half liter. 

The paper is beaten into fragments with a glass rod and 
the pulp is stirnal all through tlu* wat(*r. Two c.c. of star(!h 
solution arc added. I'he absorption tube; corresponding to this 
filter is filled one-quarter full of distilled water and then to within 
an inch of the top with 1 : 1 hydroidiloric. acid. Further, the 
delivery tube, which has been momentarily removed from the 
absorption tube previous to adding the water, is returned to 
the acid fluid, and is raised and lowered in it to dissolve any 
small quantity of cadmium sulphide adhering to its interior or 
exterior walls. It is then laid aside and the fluid in the absorp- 
tion tube is poured into the water containing the bulk of the 
yellow sulphide. This acid is not dumped in promiscuously 
but is allowed to rim down the inner wall of the beaker rather 
slowly so as not to di turb the contents thereof. Before stirring 
the acid through the latter, iodine is dropped in from a Gay- 
Lussac burette held in the operator's left hand. The drops 
are added in such a way that a circle of drops extends around 
the inner circumference of the l^eaker. With his other hand 
the operator now gives the solution in the beaker a slight stir 
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with a glass rod. If this causes the blue to disappear, leaving 
a reddish tint, another circle of drops of iodine is added, and so 
on until two or three drops of the standard iodine solution pro- 
duce a purplish blue dhd-point which does not fade to a red with 
more stirring. 

The number of c.c. of io3ine used less the number of c.c. 
required to produce a faint blue in a blank test, multiplied by 
the percentage value in sulphur of the iodine standard, equals 
the per cent of sulphur. The blank test is made on the same 
amounts of starch, filter paper and water as are used in an actual 
analysis. 

This sulphur value is obtained by runi.ing steels of known 
sulphur content in the manner described. 

The U, S. Bureau of Standards, Washington, D. C., also 
furnishes phosphorus, sulphur, silicon, and manganese standards 
for pig iron and steel that have been analyzed by chemists 
experienced in iron and steel analysis. These constitute a 
valuable aid to the analyst, enabling him at any time to check 
his own standards. The cost of these standards is low. Steps 
are bein '; taken with a view to preparing also a scries of various 
alloy st(‘el standards standardiz('d as to vanadium, titanium, 
chromium, tungsten, and molybdenum content. 

Each day a standard steel should be run with the other work, 
as new acids and chemicals arc liable to cause the sulphur value 
of the iodine to change from that originally obtained when it 
was first standardized. 

This method is accurate for all unhardened plain carbon 
steels, and for annealed pig iron and for muck bar. In chilled 
pig iron, unless first annealed, the results are usually about 
25 per cent lower than the actual sulphur, and yet, in spite of 
this fact, by reason of its rapidity, practically the method as 
given is very generally in use by buyer and seller of pig iron. 
The practice of annealing the drillings in covered crucibles, at a 
red heat, for fifteen minutes may probably come into vogue. 

However, if the buyer and seller understand the limitations 
of the method it would seem unnecessary to resort to this detail. 
The steel furnace superintendent could calculate his sulphur 

♦ As is generally known, the U. S. Bureau of Standards now has plain 
vanadium, chrome-vanadium, chrome-nickel, chrome-tungsten and plain 
nickel standards for distribution at a reasonable rate. 
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content one-fourth higher than the laboratory report. Or the 
buyer and the seller could agree that if their respective labora- 
tories find 0.060 per cent sulplnir, for e?^aniple, in pig iron, it 
shall be reported as 0.075 per cent, thus saving valuable time in 
the laboratory and yet have recoi^ls that are sufficiently close to 
the truth for all practical purposes. 

The evolution method is imreliable for steels high in copper 
and for many alloy steels that form carbides that are insoluble 
in 1 : 1 hydrochloric acid. The results are too low. (Sec pages 
122-128.) 

The Starch Solution.— (Irind 1 gram of good wheat starch, 
free from rancid smell, to a powder. Stir it with 10 c.c. of water 
in a small beaker and pour it carefully into 90 c.c. of boiling 
water. Cool and use as needed. It is best to prepare this 
solution daily. 

Iodine Standard.* — One gram of best resublimed iodine is 
dissolved in a very little water together with 10 grams of c.p. 
potassium iodide. This is diluted to 1000 c.c. with distilled water. 
It is standardized against a steel of known sulphur content. 

Cadmium Chloride Solution.— Twenty grams of anhydrous 
cadmium chloride are dissolved in 1400 (^c. of ammonia water 
of 0.9 specific gravity. This .solution is diluted to 4 liters with 
distilled water for use. 

Lead Acetate Solution.— For purification of the hydrogen 
before it enters the sulphur flasks, it is allowed to bubble through 
a 500 c.c. Bunsen wash bottle containing a .solution of lead 
acetate made as follows: (1) Di.ssolve 100 grams of lead acetate 
in 400 c.c. of water. (2) Dissolve 400 grams of potassium 
hydroxide in 500 c.c. of water. Pour one .solution nto the other and 
mix thoroughly. Use 120 c.c. of this .solution in each wash bottle. 

The hydrogen is generated in an ordinary Kipp apparatus.! 

Gravimetric Sulphur in Pig Iron, Steel, Washed 
Metal and Muck Bar 

Dissolve 5 grams of drillings of 0.04 per cent and higher 
sulphur content in 200 c.c. concentrated nitric acid, using an 

♦ One c.c. of this standard equals from about 0.0042 to 0.0045 per cent 
•of sulphur when 3 grams of sample are taken for analysis. 

t See pages 331 and 525. 
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800 c.c. beaker. For percentages of sulphur under 0.04 per cent 
use 10 grams of drillings, dissolving the latter in 300 c.c. of con- 
centrated nitric acid.. Add the nitric acid a few c.c. at a time, 


as the reaction is violent. When all acid is in the beaker, warm 
the contents of same until action is over. Then add 2 grams 
of sodium carbonate. Transfer the solution to a No. 6 dish 
and evaporate on the sand or graphite bath to dryness. Dis- 


Photo No. 26. 
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content one-fourth higher than the laboratory report. Or the 
buyer and the seller could agree that if their respective labora- 
tories find 0.060 per cent sulplnir, for e?^aniple, in pig iron, it 
shall be reported as 0.075 per cent, thus saving valuable time in 
the laboratory and yet have recoi^ls that are sufficiently close to 
the truth for all practical purposes. 

The evolution method is imreliable for steels high in copper 
and for many alloy steels that form carbides that are insoluble 
in 1 : 1 hydrochloric acid. The results are too low. (Sec pages 
122-128.) 

The Starch Solution.— (Irind 1 gram of good wheat starch, 
free from rancid smell, to a powder. Stir it with 10 c.c. of water 
in a small beaker and pour it carefully into 90 c.c. of boiling 
water. Cool and use as needed. It is best to prepare this 
solution daily. 

Iodine Standard.* — One gram of best resublimed iodine is 
dissolved in a very little water together with 10 grams of c.p. 
potassium iodide. This is diluted to 1000 c.c. with distilled water. 
It is standardized against a steel of known sulphur content. 

Cadmium Chloride Solution.— Twenty grams of anhydrous 
cadmium chloride are dissolved in 1400 (^c. of ammonia water 
of 0.9 specific gravity. This .solution is diluted to 4 liters with 
distilled water for use. 

Lead Acetate Solution.— For purification of the hydrogen 
before it enters the sulphur flasks, it is allowed to bubble through 
a 500 c.c. Bunsen wash bottle containing a .solution of lead 
acetate made as follows: (1) Di.ssolve 100 grams of lead acetate 
in 400 c.c. of water. (2) Dissolve 400 grams of potassium 
hydroxide in 500 c.c. of water. Pour one .solution nto the other and 
mix thoroughly. Use 120 c.c. of this .solution in each wash bottle. 

The hydrogen is generated in an ordinary Kipp apparatus.! 

Gravimetric Sulphur in Pig Iron, Steel, Washed 
Metal and Muck Bar 

Dissolve 5 grams of drillings of 0.04 per cent and higher 
sulphur content in 200 c.c. concentrated nitric acid, using an 

♦ One c.c. of this standard equals from about 0.0042 to 0.0045 per cent 
•of sulphur when 3 grams of sample are taken for analysis. 

t See pages 331 and 525. 
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MANGANESE IN PIG IRON, TUNGSTEN STEEL, MUCK BAR, NICKEL 
STEEL, MOLYBDENUM STEEL, VANADIUM STEEL, TITANIUM 
STEEL AND CHROME STEEL 


For pig iron, muck iron, plain carbon, or plain vanadium steel 
or nickel steel, titanium steel with absence of chromium and 



Fig. 27. 


with silicon not over 3 or 4 per 
cent, and tungsten steel not much 
over 3.5 per cent tungsten, accu- 
rate to 2 per cent of manganese. 
Dissolve O.lOO gram for mangan- 
ese of not over 1 per cent mangan- 
e.se or 0.050 gram for higher per- 
centages in 40 c.c. 1.20 nitric 
acid in a 10 by 1 inch test tube 
over a low Bunsen flame. (See 
Fig. 27.) 

Boil until red fumes are 
gone. Revolve the tubes from 
over the flame and add cau- 
tiously 1 gram of light-brown 
colored peroxide of lead free 
from manganese. Do not use 
lead peroxide of the very dark 
brown, in some instances, almost 
black color as this very dense 
variety does not 3 deld its oxy- 
gen readily, and results will not 
check and are frequently 25 per 
cent too low. Insist on getting 
light-brown lead peroxide, 


Fig. 27 is after a design by Dr. E. S. Johnson. 
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After adding the lead to all of the tubes, raise the flames 
causing the contents to boil almost to the top of the test tubes, 
four minutes. Lower the Haines, place the tubes quickly in 
cool water, and then, after a few secondsi delay, direiitly into 
cold water. Permit the excess of lead peroxide to settle ten 
minutes, or longer if conveniimt, in* a dark cuplx)ard. 

Decant the (‘ontents of the tubes into 5-ounce beakers as 
needed, leaving all black sediment in the bottom of the test 
tube. Titrate the pink solution with standard sodium arsenite 
until all pink or brown shade's are gone and a suggestion of 
yellow color appears. The author has tried many methods for 
the quick determination of manganese, and can ree^ommend it in 
preference to other methods for simplicity, speed, and accuracy. 
Ghromium is about the only disturbing element likely to be met 
with in steels, and can be (piickly removed by the following 
method, which is used also for all high-s|x‘('d combinations and 
high per cent tungsten steels. 

Dissolve 0-300 gram or 0.150 gram in low and high man- 
ganese steels, respectively, and proceed exactly as given for the 
determination of mangane.se in chrome-vanadium steels. (See 
Analysis of Vanadium Steels, pages 32-33.) 

For plain molybdenum st(‘els without chromium, proceed 
as in plain steels. Presence of large quantities of copper and 
nickel do not interfere with this method. Of course, hydro- 
chloric acid should ))e abs(‘nt, or any other substance that 
would reduce permanganic acid, such as carbdnaceous materials. 
Sunlight bleaches the pink color, causing low results.* 

Standard Sodium Arsenite So\ntion.'\—Conce7Urated Stock 
Solution— 2A^ grams of c.p. ansenious acid and 12.5 grams 
of c.p. fused sodium carbonate dissolved in 1250 c.c. of distilled 
water. Dissolve the arsenious a(*id and the carbonate, at first, 
in a little hot water. 

Working Strength — 200 c.c. of stock solution diluted with 
1600 c.c. of water. One c.c. of this solution will equal, usually, 
0.07 per cent of mangane.se when 0.100 gram of sample is taken. 
It should be checked against steels of known manganese content 
before it is used. 

♦ For determination of manganese in cobalt steels, see page .389. 
t Deshay suggested the sodium arsenite titration. 
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Rapid Method for Preliminary Bath Tests. Time, Ten 
Minutes for All Operations; Fifteen Minutes Enough 
FOR Test in Duplicate 

Use a cone flask with a lip measuring inches top, 2j inches 
bottom, inches high. Weigh a 100 mg. sample, add 40 c.c. 
HNO 3 (1.20) ; place on hot plate and boil until brown fumes have 
been driven off. Remove from heat, add one small spoonful of 


s 



Photo No 28 . 

Pb 02 (approximately 1 gram); replace on hot plate and boil 
exactly two minutes. Electric hot plate is the most convenient. 
(See Photo No. 28.) 

Place the flask immediately into a pan of cold water and 
bring to room temperature as quickly as possible. Using suction, 
decant the contents of the flask through a porcelain Gooch cru- 
cible containing a thin asbestos pad, or through a carbon filter 
tube with a pad of washed E. & A. asbestos (resting on a per- 
forated porcelain plate) into a 250 c.c. suction flask. Wash filter 
three times with distilled water, then titrate solution in the same . 
flask to disappearance of pink with standardized sodium arsenite 
solution. Multiply number of c.c. used by 0.07 and report 
the product as per cent manganese. 

It is not necessary to rinse the original flask after pouring 
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contents on filter. Leave the sediment of excess Pb02 in the 
oxidation flask. 


EXAMPLE 

» 

No. 118 Standard. 

7 2 0 c. 2d reading of burette 
0 0 e 0 . 1st reading of burette 


7 2 c.c. 
X 07 


.504 

0.50 Mn. 


No. 34 Standard. 

12 2 c.c. 2d reading 
7 2 c.c. 1st reading 


5 0 c.c. 
X 07 


35 c.c. 

0 35 Mn 

Preparation of Asbestos.— I mI I a 400 c.c. beaker one-third full 
of E. & A.’s or some other good grade of washid asbestos. Add 
200 c.c. distilled water and 100 c.c. II 2 SO 4 (1 : 3); bring to a 
boil; then add KMn 04 solution (25 grams per 1000 c.c.); a 
few drops at a time, until a slight pink persists after five minutes’ 
boiling; filter on a funnel containing a perforated porcelain disk; 
using suction. Wash with distilled water until washings are 
water white. Up.set the asbestos plug in funnel several times, 
so as to give more thorough washing. Place in clean bottle, 
cover with distilled water and stopper for future use. 

Preparing Plug for Filtering. — Transfer some of the soft 
moist fibers to the filtering crucible, then apply gentle suction 
while tamping down lightly with a flattened end glass rod. Fill 
the crucible with distilled water, apply stronger suction and 
note if the filtrate is clear. If cloudy, repeat filtration of water 
imtil clear. The filtering crucible is now ready for use. Have 
a filter ready before tests come in. 



342 MANGANESE IN PIG IRON, TUNGSTEN STEEL, ETC. 


Manganese-Persulphate Method 

Determination oi Manganese in the Presence of Chromium. 

— Dissolve 100 mgs. of samjilo in a 150 c.c. cone flask 4| inches 
high by 21 diameter at bottom, by 11 inches at top, with 20 c.c. 
H2SO4 (1 : 3); heat on hot plate or stove until dissolved. When 
dissolved, add 5 c.c. HNO3 (1.20); boil to expel brown fumes. 
Remove from heat; add 20 c.c. water; then 10 c.c. AgNOa 
(6 grams per liter) ; then 15 c.c. ammonia persulphate (240 grams 
per liter); heat moderately (to imupicnt boiling) until no niore 
fine bubbles are given off. Shake flask frequently. 

Place in a pan of cold Avater and cool to room temperature. 
In plain carbon steel titrate to a straw yellow with sodium 
arsenite; if chrome is present titrate to a golden yellow color. 
The number of c.c. consumed multiplied by 0.076 = per cent Mn 
on 100 mg. sample. Standardize with U. S. Government standard 
steels of similar composition. 

The sodium arsenite solution is the same as U5cd in titration 
of manganese by Pb02 method. ‘ 

Factor Pb02 method 0.07 per cent Mn in 100 mg. 

Factor persulphate method ... 0 . 076 per cent Mn in 100 mg. 

The use of anjmonium persulphate and silver nitrate for the 
determination of manganese in steel was first worked out in the 
United States by Walters. The silver nitrate acts as an oxygen 
carrier by the intermediate formation of silver peroxide. The 
equations showing the action of the persulphate and the arsenious 
acid and the permanganic acid are given below: 

2Mn(N03)2+5(NH4)2S208+8H20 = 

2HMnO4+10(NH4)HSO4+4HNO3. . (1) 

4HMn04 + 10 As(OH )3 -f 8HNO3 

10H3AsO4+4Mn(NO3)2+6H2O. . (2) 

* Photo. No. 28 shows the oxidizing flasks heated on an electric stove for 
both the lead peroxide rapid bath test, or in the persulphate method just 
described. The carbon filter tube is shown at 0 and the oxidizing flask at 2. 
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contents on filter. Leave the sediment of excess Pb02 in the 
oxidation flask. 


EXAMPLE 

» 

No. 118 Standard. 

7 2 0 c. 2d reading of burette 
0 0 e 0 . 1st reading of burette 


7 2 c.c. 
X 07 


.504 

0.50 Mn. 


No. 34 Standard. 

12 2 c.c. 2d reading 
7 2 c.c. 1st reading 


5 0 c.c. 
X 07 


35 c.c. 

0 35 Mn 

Preparation of Asbestos.— I mI I a 400 c.c. beaker one-third full 
of E. & A.’s or some other good grade of washid asbestos. Add 
200 c.c. distilled water and 100 c.c. II 2 SO 4 (1 : 3); bring to a 
boil; then add KMn 04 solution (25 grams per 1000 c.c.); a 
few drops at a time, until a slight pink persists after five minutes’ 
boiling; filter on a funnel containing a perforated porcelain disk; 
using suction. Wash with distilled water until washings are 
water white. Up.set the asbestos plug in funnel several times, 
so as to give more thorough washing. Place in clean bottle, 
cover with distilled water and stopper for future use. 

Preparing Plug for Filtering. — Transfer some of the soft 
moist fibers to the filtering crucible, then apply gentle suction 
while tamping down lightly with a flattened end glass rod. Fill 
the crucible with distilled water, apply stronger suction and 
note if the filtrate is clear. If cloudy, repeat filtration of water 
imtil clear. The filtering crucible is now ready for use. Have 
a filter ready before tests come in. 
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Specially Prepared PbOa — Weigh five pounds red lead into 
a 4-liter crock. Add 3000 c.c. HNO 3 (1.13 sp.gr.); stir with a 
paddle or heavy glass rod. When the residue has a uniform 
chocolate or brown appearance, let settle; then pour off the 
liquid. This liquid is largely lead nitrate, and can be concen- 
trated, roasted, and roastetl over again. The brown residue 
is mainly Pb 02 . 

Fill crock nearly full with distilled water, stir well with paddle, 
let stand and pour off as before. 

Repeat several times, until decanted liquid is only faintly 
acid or neutral. Transfer residue with a scoop or spatula to a 
large porcelain dish and evaporate to dryness at 150° C. Powder 
and put into stoppered bottles. 

Pb 02 prepared in this manner is of a light brown color, and 
settles quickly when used on manganese determinations, and 
will oxidize manganese completely to as high as 16 per cent in 
steel. (See method for steel containing 16 per cent of manganese.) 
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THE DETERMINATION OF MANGANESE IN STEELS OF HIGH MAN- 
GANESE CONTENT, ACCURATE TO AT LEAST 16 PER CENT 

MANGANESE, IN THE PRESENCE OF MUCH CHROMIUM 

Weigh 1 ^ram sample into 400 c.c. beaker; add 30 c.c. 
H 2 SO 4 (1-3) and 70 c.e. distilled water and heat mildly until 
dissolved. Add 20 c.e. lINOa (1.20) and boil gently until brown 
fumes are expidled. Let cool, transfer solution to a 500 c.c. 
calibrated flask; and after rinsing beaker several times with 
distilled water, bring volume to 250 c.c. 

Make a liquid paste of zinc oxide and water that will just 
pour; fill a 100 c.c. graduate with the paste, from it, add al)out 
10 c.c. of zinc paste at a tinu' to the flask, shaking thoroughly 
after each addition until a thin white layer of zinc oxide covers 
the bottom of the flask on being allowed to settle one minute. 
Avoid a large excess of ZnO. Dilute to the 500 c.(‘. mark with 
distilled water; stopper; and mix thorougfdy by rei)eatedly 
inverting the flask and shaking it. Filter immediately, through 
dry double 15 cm. filter papers into a dry 400 c.c. beaker; discard 
the precipitate. Hinse a clean, 50 c.c. pipette twice by drawing 
about 10 c.c. of the filtrate into it, each time shaking it well. 
Reject these rinsings. 

Now deliver exactly 50 c.c. of the filtrate from this pipette 
into each of two clean 400- c.c. beakers. Add 200 c.c. HNO3 
(1.20 sp. gr.) and a few grains of pure Si 02 to each, to 
prevent violent boiling. Place over good flame; bring to a boil; 
add 2 grams of specially prepared Pb 02 to each and let boil 
exactly four minutes. Remove from stove, and add 30 c.c. H2SO4 
(1 : 3) to each, stir with glass rods; place in a pan of cold running 
water. 

When room temperature is reached, let tests settle for one 
345 
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hour in a cool, dark place, after which time they are ready for 
titration. Each test represents one- tenth of the original weight. 

Titration . — Decant into a clean 600 c.c. beaker all of the solu- 
tion possible, without disturbing brown lead residue on bottom 
of beaker. Stir vigorously and add rather rapidly from a burette 
N/20 ferrous ammonium sulphate until solution in beaker is 
water white. Back titrate carefully with N/20 KMn 04 solution 
to the first appearance of a permanent pink. Deduct c.c. per- 
manganate used from c.c. ferrous ammonium sulphate consumed 
and figure percentage to Mn as shown under “Calculations.” 

Rapidity of titration gives a better end-point as lead sulphate 
begins to form in considerable quantity in a few minutes. 

Precautions. — (1) Do not mix the H 2 SO 4 and the nitric acid 
before adding the acids to the drillings. Put the sulphuric acid 
on first, and then add the nitric acid, only, after the sulphuric 
acid has ceased its action. The purpose of this procedure is 
to remove as far as possible all of the carbon and carbides before 
the nitric can act on them. If the carbon gets into solution, 
the complete oxidation of the manganese to permanganic acid 
is interfered with. 

(2) Remove the iron with the zinc oxide, whether there is 
chrome present, or not, when the manganese is from 3 per cent 
to 15 per cent. There is evidence that the oxidation of high 
per cents of manganese, in steel, to permanganic acid, by means 
of lead peroxide, is^most successful when the iron is first removed 
by zinc oxide. The author is not prepared to state whether this 
is due to the absence of the iron or due to the precipitated iron 
sweeping out the last traces of carbon. The nitric acid may 
put carbon into solution when it attacks the carbides that the 
sulphuric acid failed to dissipate as gas before the nitric acid 
was added. 


STANDARDS 


^ ^l^n^teel } approximately 


200 mg. KMn 04 
100 mg. KiCraO; 

1 gm. plain steel 


(B) 7 per cent Mn approximately 

3.5 per cent Cr approximately 


put standards through operations simultaneously with the tests. A 
high manganese steel on which the manganese has been carefully deter- 
mined gravimetrically may be used for a standard also, if prefeired. 
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Standardization and Calc^xlations 


KMn04 

200 mg. KMn 04 

^ Fe. Am. Sul, 

7.3 

100 mg. K 2 Cr 2 D 7 

[ (B) 1/10 44 8 

2 9 

1 gm. .steel 

J 1 27 6 

4.4 

(B) IS diluted 

, 17 2 


to .500 c.c. 

-4 4 


12.8 c.c. 

50 c.c. of (B) run as a standard. 


00050 

3476 Mn in 1 ^rn. KMn 04 12 8 ) .(X)7172 

2 t»40 


.06952 Mn ad<lod 772 

0022 Mn in steel 768 

10 ) 071 ^ 

.00^72 ^ 


I C.C. =0.56 per cent Mn on 100 irig. sample 


KMn04 

Standard steel 


2 9 

13 .52% Mn 


0.0 



— 

000.563 

Fe. Am. Sul. 

2.9 

24)' 013.520 

27 5 


120 

.06 


1,52 

26 9 


144 

* -2 9 


80 24.0 c.c. 

72 


8 

1 c.c. =0.563 per cent Mn on 100 mg. sample 
{Sample No. 1 100 mg. Fc. Am. Sul. 


KMn04 61 4 

7.0 44,8 

2.9 

7.02 per cent Mn 16.6 

4.1 -4 1 


12 5 c.c. 

.5615 Mn factor 
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7.018 % Mn 
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Part VIII 

SILICON IN PIG IRON, STEEL AND MUCK BAR 

Weigh 1.5 grams of pig iron into a No. 2 dish. Add 15 c.c. 
1 : 3 sulphuric acid * plus 10 c.c. water. Weigh 5 grams of low 
silicon steel or 3 grams of high silicon steel, i.e., silicon content 
of 0.1 per cent and over, into a No. 5 dish. Add 45 c.c. 1 : 3 
sulphuric acid and 25 c.c. of water. Warm gently until all 
metal is in solution, adding more water if neccissary, should 
sulphate of iron form before effervescence is over. When the 
iron is in solution evaporate the pig iron and higher carbon 
steels directly to thick fumes of sulphuric anhydride without 
removing the covers. 

Low carbon steels and chrome steels of 1 per cent chromium 
and over will bump and spurt from under the covers if attempt 
be made to evaporate them rapidly over the bare flame of the 
Argand burner. In^such cases the covers are rinsed off into the 
dishes, and the contents of the latter arc evaporated Lo thick 
fumes on a graphite or sand bath. (See page 448, view 43.) 

For effecting the solution of the iron and the evaporation of 
fumes with covers on, an apparatus consi.sting of a stand of 
twelve Argand burners covered with a copper-rimmed asbestos 
board of twelve holes are used. (See Fig. 21, page 310.) 

Having evaporated the samples to fumes, the dishes are cooled 
and filled conveniently full of distilled water. They are put 
on the heating stand; the contents heated and stirred until all 
of the sulphate of iron is in solution. Ashless paper pulp is 
mixed with the solutions, which are then filtered through 11 

* Use rubber stoppers in reagent bottles that arc in constant use in routine 
silicon work, as during continued handling the glass stoppers are struck 
against the necks of the bottles and small chips of glass are knocked off into 
the acids, causing high results. 
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cm. ashless filters; the silicious residues washed free from iron 
test with 1 : 10 hydrochloric acid and then free of acid with 
water. Potassium siilphocyanate is used in testing for the 
presence of iron. Wavsh acid and wash \\feter are applied cold. 

The washed residues are ignited in a muffle furnace until pure 
white.* The residues may retafti a redtlish tint due to iron, or 
may be colored gray from presence of chromium or copper oxides, 
or yellow owing to th(^ presence of small quantities of tungsten 
or vanadium. In such event after having been weighed they 
should be evaporated to dryne.ss with a few drops of sulphuric 
acid and 10 c.c. of c.p. hydrofluoric acid. They are then ignited 
and weighed again, and the sili(;on content is calculated from 
the loss of weight, which multiplied by 46.93 and divided by 
the weight taken, yields the perc'entage of silicon. 

When chromium is present, to the extent of 1 per cent, the 
silica residue can be freed sufficiently from (‘hromium to make 
a subsequent evaporation with hydrofluoric and sulphuric acids 
unnecessary by boiling the fumed sulphate residue for ten 
minutes with a mixture of 75 c.c. of 1 : 1 hydrochloric acid and 
75 c.c. of water. Then filter and wash as Ixifore.t 

The ignited residues are cooled in a desiccator, weighed, 
multiplied by 46.93 and divided by the weight taken. 

The silicious r(‘sidues obtained by this method, or any other 
of the variations that are in vogue, are liable* to be contami- 
nated with titanium and aluminum, especially in pig iron. 
Hence all silica residues, for strictest accuracy, should be evapo- 
rated with an excess of hydrofluoric acid and two or three drops 
of sulphuric acid, then ignited and weighed again, multiplying 
the loss of weight by the usual factor, and dividing by the weight 
taken to obtain the percentage of silicon. 

Routine Method for Plain Steel, Pig Iron, etc. 

It is the practice in probably all large steel works labora- 
tories to burn off the carbonaceous matter from the washed 
siliceous residue in an unweighed crucible. If the ash is pure 

♦ The author uses an electrically heated muffle ventilated by a slow stream 
of compressed air. 

t For close work it is always advisable to use the hydrofluoric acid when 
chromium is present. 
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white, instead of weighing the crucible and ash together, the 
ash, only, is brushed out of the crucible onto the glass scale pan 
and weighed. This permits the use of a refractory crucible such 
as porcelain or fused *ilica. The author prefers to use a zirconia 
composition crucible, which can be referred to as a silicon cup. 



Photo No. 29. 


The most convenient size is l.| inches outside diameter at the 
the top; 1 inch bottom diameter and 1} inches high. In case 
the ash is not white, it can be transferred to a platinum ciiici- 
ble; weighed; and evaporated with H 2 SO 4 and HF as already 
described. The silicon cup is shown in Photo No. 29, at 2 , 




Photo C. Holder for Silicon Cups 



CHAPTER XII 
Part IX 

THE ANALYSIS OF CALCIUM ELECTRO-SILICON 

0.9 or 1.0 J 2 ;raiii of the HounMl sainph' is hised with 20 jjjniins 
of anhydrous sodium earhonati^ ground with 2 ^;ianis of niter 
ill a platinum crucible. The analysis is proceedi'd with as in 
crucible slag (page 132), obtaining residues A and B, w'hich 
contain all of the silicic acid and pcuiiaps a small portion of the 
calcium, iron, etc. dliis ri'sidue is w'cighed and hydrofluoric 
acid is added to it very slowly at first and finally enough of this 
acid to fill the crucible two-thirds full. Before the PIE, 10 
drops of cone, sulphuric acid are added. Then evaporation to 
fumes follows and the silicon is finished as in sUh'Is. Where 
such large amounts of silica arc evaporated it is well to add more 
HE and sulphuric acid and repeat th(i volatilization to make 
sure that all of the silica has beiai renuM'd. The stain or 
residue remaining in the crucible after these evaporations is 
fused with a gram of sodium carbonate, dissolved out with 
HCl and added to the c-ornbiiKal filtrates from A and B which 
will now contain all of the iron, aluminum manganese, calcium 
and magnesium. A double basic acetah; separation of the iron 
as given on pages 244 and 245 is made. The acetate precipitate 
from the second precipitation is ignited, dissolved in HCl, pre- 
cipitated with ammonia, washed, ignited, and weighed as oxides 
of iron and aluminum. These oxides are then dissolved in HCl 
and the solution is divided into two equal parts. One-half is 
reduced with stannous chloride and finished for iron as in iron 
ore. The other half is converted into nitrate and finished for 
phosphorus as in steel. The iron is multiplied by two, calculated 
to ferric oxide and deducted from the total oxides. The phos- 
phorus is also multiplied by two, calculated to P2O5 and deducted 
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from the total oxides. The remainder after these deductions is 
calculated to metallic aluminum. 

The filtrates from the two basic acetate precipitations contain 
all of the calcium which is precipitated with ammonium oxalate 
and finished in the usual way ns in limestone. The manganese 
is obtained as in tungsten, page 77. 


ANALYSIS 



Per Cent 


Per Cent 

Silicon 

58 48 1 

Calcium . . 

30 86 

Iron 

7 08 

Carbon 

0 80 

Aluminum. . 

2 41 

Manganese 

0 06 


The carbon is gotten by ignition of 0.5 gram of the sample 
with 4 grams of red lead, or litharge, in the electric furnace. 



CHAPTER XIII 


Part I 

THE DETERMINATION OF URANIUM IN FERRO-URANIUM, CAR- 

NOTITE ORE AND MIXTURES OF IRON, VANADIUM, URANIUM 

AND ALUMINUM 

The determination of uranium in ores and ferro-alloys is 
usually complicated by the presence of vanadium and aluminum. 
The author has encountered so-called ferro-uranium containing 
as much as from 15 to 20 per cent of aluminum in several instances. 
Vanadium was always present from 2 or 3 per cent to as high 
as 28 per cent. 

The scheme of titrating the uranium and vanadium together 
by reducing both elements in sulphuric acid solution with alumi- 
num was tried as recommended by some writers. In this method 
the total amount of the permanganate standard required to 
reoxidize both elements .so as to produce a slight permanent 
pink color, is noted. Then the vanadium^ alone, is reduced, 
this time to V 2 O 4 only, by adding an excess of sulphurous acid 
(SO 2 ) and boiling off the excess of the latter. The vanadium 
is then oxidized back until a slight pt‘rmanent pink is again 
obtained. The number of c.c. of the KMn 04 required in this 
second titration is multiplied by three and deducted from the 
amount of the permanganate used in the first titration. The 
remainder is multiplied by the uranium value of the perman- 
ganate, thus obtaining the uranium. In the author’s hands the 
results were discordant whether the reduction was accomplished 
by aluminum or zinc. The more vanadium present the worse 
disagreements, and the less vanadium, the more nearly the true 
uranium was obtained. With uranium, alone, the reduction 
with permanganate is entirely satisfactory. 

During these experiments the writer tried hydrogen sulphide 
as a reducing medium and found that H 2 S reduces both vana- 
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dium and iron but does not reduce the uranium. This afforded a 
,way of determining the vanadium in the presence of the uranium 
but has no advantage over the method of the writer, to be 
described. The H 2 H* reduction makes it possible to determine 
both iron and vanadium in the presence of uranium, in fact to 
determine all three elements.*^ The uranium and iron together 
with the vanadium carried by tlu'in can be precipitated by a 
slight ex(;ess of ammonia; washed with ammonium nitrate 
water; ignited at a low red heat; moistened with cone, nitric 
acid; ignited again at a low red; cooled and weighed as Fe 2 () 3 , 
UaOs and some V 2 O 5 (all of the ¥ 20 . 5 , if sufficient of the Fe and U 
be present). The weighed oxides are dissolved in HCl; evapo- 
rated with 40 c.c. of 1 : 3 H 2 S()i to thick fumes; dissolved in 
150 c.c. of water and the vanadium and iron in the mixture 
^determined as given on page 38, reducing with H 2 S. The Fe 
and V so found are calculated to the proper oxides and deducted 
from the weight of the total oxides above mentioned and the 
uranium oxide is thus obtained by difference. Similarly, U 
and Fe alone can be analyzed, getting the iron by the H 2 S 
reduction and the uranium by difference. Also should aluminum 
be present, the total oxides, after being weigh(‘d, can be dissolved, 
the solution be divided into two equal parts and one part analyzed 
as above for^the FejOa and V 2 O 5 , and the other part analyzed 
for aluminum oxide as given in the method about to be described. 
Deduct twice the AljOa-f Fe 203 4' V2O5 found from the weight 
of the total Al203-|-U308H-V205+ Fe 203 , obtaining the UaOs 
by difference. 

The author devised, and tested the following method for the 
determination of uranium in carnotite, ferro-uranium, and steel: 
For carnotite ores containing, as they usually do, from 1 to 4 
per cent of U 3 O 8 weigh 2 grams and 3 grams for a check. For 
ferro-uranium do not take over 1 gram, and a half gram for a 
check. Dissolve or extract the samples, first with 100 c.c. of cone, 
nitric acid for an hour. Evaporate to dryness in the casserole, 
ufeing a porcelain casserole of 4^ inches diameter. Take up in 
100 c.c. of cone. HCl, evaporate to 20 c.c., dilute with^ c.c. of 
water and filter out the insoluble residue consisting mainly of silica. 
Waak with dilute HCl about fifty times. Dilute to 300 c.c. ; nearly 
neutralize with ammonia; and pass H 2 S in hot solution to re- 
move any Mo, Pb, Sn, Cu, As, Bi, or Sb that may be presei^^ 
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Filter; wash with H 2 S water, thoroughly, and evaporate the filtrate 
and washings to 20 o.c.; add an excess of chlorate of potaaflium, 
about 1 gram to destroy the n 2 S, also 50 c.c. of HCl, cone., 
and heat, covered, until all spraying is cl^er and evaporate to 
20 c.c. Transfer to an 800 ('.c. beaker; add sodium peroxide 
from a porcelain spoon to the 3fl0 c.c. solution in the l)eaker, 
until a slight excess is obtained. (It should be said that the 
above mentioiKMl insoluble n'sidue is evaporated with an excess 
of HF and 10 drops of cone. HoSOi and the remaining residue 
is fused with sodium carbonate; the fu.sion is dissolved out 
with HCl and added to the main solution in the beaker IxTore 
commencing the addition of the sodium pcToxide.) When an 
excess of peroxide has l)een added to the solution in the 800 c.c. 
beaker, then 5 grams of ammonium carbonat(‘ are added to the 
alkaline solution; and 5 grams of sodium carbonati^ are put in, 
and last of all, 5 grams (‘xc(‘ss of sodium peroxide are added. 
The solution is now just brought to incipient boiling, and imme- 
diately remov(!d from the flame; cooled; papia pulp is added 
and the solution is filtered from the iron through 15 cm. double 
filters into 8(K) c.c. Ix'akers. The iroa on the filter is washed 
w th a mixture consisting of 5 grams each of .sodium and ammo- 
nium carbonat(‘S, dissolved in 500 c c. of water. The filtrate 
and washings, which should have a volume of not less than 
400 C.C., are now neutralized with 1 : 1 IK'l, added until the 
solution no longer immediately turns a narrow strip of turmeric 
paper, to the* faintest lirown. If th(*re be Mumina present to 
the extent of evcui a half pia cent, it will have clouded the solution 
long before the turmeric ceases to be affected by the solution, 
bet the latter stand for at l(‘a.st an hour and then the aluminum 
can l>e filtered out, and washed with ammonium nitrate as given 
previously (5 grams of the salt to 500 c.c. of water). 

If the titration with acid is carefully done the filtrate and 
washings will not contain aluminum even though there be in the 
solution the equivalent of 0.100 gram of Al. The filtrate and 
washings from the aluminum will contain all of the U and mu6h 
of the V,* if the iron pre.sent does not exceed more than the equiv- 
alent of 0.100 gram of iron. The iron can Ix^ dissolved off the 
filter, peroxidized a second time as before and the alkaline fj^rate 
and washings obtained, keeping them separate from the filtrate 
washings obtained from the first peroxidation. These two 
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filtrates and washings are then made entirely acid after the 
removal of the aluminum, and boiled for one hour, or until 
all CO2 is removed from the solution, which will be accom- 
plished when there are no longer any more lines, or fine 
threads of bubbles coming up through the solution. Then the 
uranium together with considerable vanadium is precipitated out 
with a slight excess of ammonia. The solution is boiled gently 
for a half hour. If much vanadium is present, the precipitate will 
be more of a green than a yellow; but if much uranium and 
little vanadium be present, then the precipitate will take on a 
bright yellow color, especially after heating for a time. The pre- 
cipitate which consists mainly of uranium vanadate is filtered off 
and washed with the ammonium nitrate wash (5 grams to 500 c.c. 
of water). After a few washings, the precipitate is dissolved off 
the filter to get rid of any occluded salts, reprecipitated, and 
washed as before. The precipitate is now ignited in a platinum 
crucible, or a porcelain one if the platinum one is not available, 
and ignited at a low red heat, after the paper has been smoked 
off. The ash is moistened with a few drops of cone, nitric acid, 
and again heated to a low red heat; cooled; and weighed as UsOg 
plus V2O5. The weighed oxides are dissolved * in cone. H2SO4; 
transferred to small casseroles and evaporated low with 50 c.c. of 
HCl. This solution is then evaporated to thick fumes, with 40 
c.c. of 1 : 3 H2SO4; cooled; diluted with water; filtered from the 
small amount of silica usually present which is washed with 
dilute sulphuric a^id; ignited and weighed; and deducted from 
the U3O8 plus V2O5. The filtrate and washings from this silica 
contain the vanadium that was precipitated with the uranium. 
Owing to the evaporation with the large excess of HCl, the 
vanadium is now reduced to V2O4. It can be titrated to a per- 
menent pink with the standard permanganate solution, and the 
vanadium so found is calculated to V2O5 and subtracted from 
the silica-free weight of the above oxides, thus giving the uranium 
by difference. Also the filtrate and washings from the small 
amount of silica can be heated to boiling and permanganate 
solution added cautiously so as to maintain a pink solution 
but not in such excess as to produce a heavy precipitate of 

Do not use HCl at this point, as chlorine would be generated and the 
platinum badly attacked. Use 10 c.c. cone H..SO, and heat for an hour, 
or until dissolved. 
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manganese oxide as that would make a filtration necessary.* 
The boiling is continued for twenty minutes. If the solution 
still remains pink with perhaps a very slight precipitate of the 
manganese oxide, then it is certain that all^organic matter that 
may have crept in during the anjjysis is rendered harmless as 
far as affecting the permanganate standard during the subse- 
quent titration is concerned. The ferrous ammonium sulphate 
standard is now added to the hot solution until the pink color 
is just removed and any slight cloud of precipitated manganese 
oxide is also dissolved, leaving the solution perfectly clear. The 
solutions of the tests are now cooled, and an excess of the per- 
manganate standard is added to all of them. Then one of them 
is titrated drop by drop with the sulphate standard until three 
drops at room temperature give but a faint pink that remains 
practically unchanged for one minute. This is the starting 
point of the titration with the ferrous ammonium sulphate 
standard. The volume should now be not over 200 c.c. Add 

c.c. of the ferricyanide indicator (5 grams of the salt dissolved 
in 130 c.c. of water) and then the ferrous ammonium sulphate 
standard with vigorous stirring until three drops change the 
dark green color that forms to a distinct blue, i.e., to the first 
real blue. The number of c.c. of the sulphate standard required 
to produce this blue, after the addition of the indicator, mul- 
tiplied by the vanadium value of the sulphate gives the vanadium 
that was carried out with the uranium. It is calculated to V2O5 
and the uranium is thus obtained by difference. The UsOg 
so found can be calculated to metallic U by the factor 0.8482. 
To standardize the permanganate and sulphate standards for 
vanadium, it is convenient to weigh 0.08 and 0.0^1 gram of 
vanadium pentoxide of known purity into small casseroles; 
dissolve in 60 c.c. of cone. HCl; evaporate low; fume with 40 c.c. 
of 1 : 3 H2SO4 and carry through all of the operations leading 
up to the titration with KMn 04 and the final titration with 

* Of course there is no objection to boiling with an excess of the manga- 
nese oxide except the extra operation involved. Indeed the author has had 
cases where, owing to carbonaceous matter having gotten into the work, 
probably by extraction from filter papers, or mechanically, it was deemed 
advisable to boil with an excess of permanganate sufficient to produce a 
precipitate that remained even after a half hour of boiling. This brown oxide 
is filtered out through a porous thimble and the vanadium titrated exactly 
as described on page 22. 
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the sulphate. This will give the blank to deduct from each 
method of titration of the vanadium. 

For checking methods and manipulations the writer used 
c.p. uranium nitratb and uranium acetate U02(N03)2+6H20 
and U 02 (C 2 H 302 ) 2 -f- 2 H 20 , respectively. 

A mixture that approximates to the general run of carnotite 
ores of the Colorado mines is 0,100 gram of uranium nitrate, 
0.100 gram of the Sibley iron ore standard; 0.050 gram of 
aluminum, and 0,040 gram of V 2 O 5 . (The latter can be obtained 
of 99.5 per cent V 2 O 5 .) As a further check, the author often 
runs a mixture of double the above amounts of uranium salt, 
the oxide of vanadium, and iron ore. These mixtures are put 
through all of the operations described. 

Calculations . — For the benefit of those who wish to try the 
reduction with aluminum to check the purity of uranium nitrate, 
or who may wish to a.ssay uranium obtained from a source that 
is free of vanadium, the method in general is to convert to sul- 
phates, and heat in cone flasks in the presence of an excess of 
from 20 to 30 c.c. of cone. H 2 SO 4 diluted to 100 c.c. with water. 
A coil of 18 gauge aluminum wire of inch diameter and about 
7 inches long * is placed in the solution, and the latter is heated 
to nearly boiling for two hours with a stream of purified CO 2 
passing through a perforated watch glass into the cone flask 
to prevent the entrance of air. The (^62 is generated by the 
action of HCl (1 1) on marble and passes through a wash bottle 

containing an inch of water and then through another bottle 
containing a similar depth of a saturated solution of sodium 
carbonate. After the two hours’ reduction, the solution is cooled 
with CO 2 passing, and when cold the aluminum coil is removed 
and the solution is titrated with N/40 KMn 04 to a slight per- 
manent pink. A blank is also run at the same time and deducted. 
A solution of N/40 should equal 0.00298 gram U per c.c. The 
equation is 

2 KMn 04 + 5UO2 (S 03 ) 2 + 2H2O = 

2KHSO4 + 2MnS04 + 5UO3 (SO3) + H2SO4. 

The permanganate is standardized with sodium oxalate 
(see page 20). 


♦See Photo No. 30. 
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By the above equation we see that 2 gram molecules of KMn04 
equal 5 gram atoms of U. On page 463 it is explained that 
i of the gram molecule of permanganate constitutes its normal 
solution when dissolved in a liter volume. Hence, 2KMn04 = 5U, 
5U 

or KMn 04 = -x-, so that of the gram molecular weight or 


normal KMn 04 would equal ^ the gram molecular weight of 
uranium or 119.25 grams of U. Therefore 1 c.c. of the N/40 

KMn 04 is equal to 0.00298 gram of U. Having found 


by titration the value of the permanganate standard per c.c. in 
sodium oxalate as given on page 20, the following give the values 
of the N/40 permanganate in U, V, and Fe. 

The value of N/ 40 KMn 04 per c.c. in gram of sodium oxalate 


multiplied by 


TSr value in gram of U per c c. 


by 


102.0 

134 


equals its value in gram of V per c.c. 


by 


ni.7 

134 


equals its value in gram of Fe per c.c. 


The percentage of uranium in uranium nitrate is 47.45, 

The percentage of uranium in uranium acetate is 56.17. 

The percenta^ of uranium in uranoso-uranic oxide (UaOg) is 
84.825. 

The percentage of vanadium in vanadium pentoxide is 56.04. 

From a standardization as above, the author, for example, 
found that 1 c.c. of N/40 KMn 04 equals 0.00167 gram of sodium- 
oxalate. 

1 c.c. of N/40 KMn 04 equals 0,00297 gram of uranium. 

1 c.c. of N/40 KMn 04 equals 0.001276 gram of vanadium. 

The following are the calculations for an actual analysis of a 
mixture: 0.100 gram of uranium nitrate crystals, 0.100 gram of 
the Sibley iron ore standard, 0.05 gram of metallic aluminum, 
and 0.040 gram of V 2 O 5 of 99.5 per cent purity were put through 
all of the operations in the method as described and the following 
analytical data were obtained: 

(1) 58.8 c.c. of sulphate were required to remove all pink 
and brown tints from 60 c.c. of the KMn04 standard (N/40) 
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placed in a beaker with 40 c.c. of 1 : 3 sulphuric acid and 200 c.c. 
of distilled water. As 1 c.c. of the N/40 KMn ()4 was found 
equal to 0.001276 gram of V then 1 c.c. of tjie ferrous ammonium 
sulphate standard is equal to 0.001276X60 divided by 58.8 or 
0.0013 gram of V. ♦ 

(2) The U 3 O 8 +V 2 O 5 obtained, in the course of the analysis, 
from the above mixture weighed 0.076 gram after deducting 
0.0014 gram of silica found in it on dissolving in HCl. 

(3) Beginning at the point where the UaOs plus V 2 O 6 were 
dissolved in HCl; evaporated with 40 c.c. of 1 : 3 H 2 SO 4 to thick 
fumes, etc., 0.020 and 0.040 gram of the V2O5, alone, were put 
through all of the subsequent operations and the vanadium 
therein was titrated with the sulphate standard as already 
described. The 0.020 gram required 10.1 c.c. of the sulphate to 
produce the blue end-point, and the 0.040 consumed 18.8 c.c. 
(Blank and all.) The 0.020 gram of V2O5 contains 0.020 X 0.995 
X 0.5604 = 0.01 116 gram V. Now we saw by (1) that the sul- 
phate standard has a value of 1 c.c. equals 0.0013 gram of V, 
hence the sulphate required to unite with the vanadium present 
will equal 0.001115 divided by 0.0013 or 8.6 c.c. This gives 
10.1 c.c. minus 8.6 c.c. or a blank of 1.5 c.c. to be deducted 
from all tests. 

(4) The V 2 O 6 in (2) was determined in like manner and found 
to require 9.5 c.c. of the sulphate. Wc have just seen that the 
calculated blank is 1.5 c.c., therefore the ju'tual V in (2) re- 
quired 9.5 minus 1.5, or 8 c.c. Then the V2O5 in (2) is equal to 
0.0013X8^0.5604 or 0.0185 gram. Hence the VzOg in (2) equals 
0.076-0.0185 or 0.0575, which is equivalent to 0.0487 gram of 
uranium. The uranium contained in the uranium nitrate taken 
equals 0.100X0.4745 or 0.04745 gram of uranium. This gives 
an excess of 0.0012 gram of U found, which was in all probability 
due to the presence of a little A1 that was not removed by the 
neutralization with the 1 : 1 HCl. The author would recommend 
that the operator exercise great care in the neutralization. The 
acid should be added until, as already stated, a narrow strip 
of turmeric paper dipped into solution does not show any more 
change than a similar strip dipped in water. It is also advisable, 
for close work, to allow the neutralized solution to stand for 
twelve hours before filtering out the aluminum hydroxide. 

It must be remembered that when a very large quantity of iron, 
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for instance 0.400 p;ram of iron, is to be separated from much ura- 
nium, say about 0.200 gram of U and 0.100 gram of AI, then at 
least three peroxidaticjus will be required, made as described under 
carnotite, to remove all of the U and Al away from the iron. 
Then when the Al is separated from the U by the acid precipi- 
tation, the Al is almost certain to carry out with it 2 or 3 mgs. 
of UaOg. This latter can be removed by redissolving the Al in 
the hot 1 : 1 HCl; the solution of the Al is treated with an excess 
of sodium peroxide, i.e., the peroxide is added to it in a liter 
boiling flask to strong alkaline reaction; then add 5 grams each 
of sodium carbonate, and ammonium carbonate, and 5 grams 
sodium peroxide. Bring just to the boil; cool and precipitate, as 
already described, to the turmeric neutral point with 1 : 1 HCl; 
let stand for twelve hours and filter out the Al which will now be 
free of U. The filtrate from the Al is made acid; boiled until 
free of CO 2 ; and the i/mall amount of U is precipitated with 
ammonia in slight excess, boiling gently for thirty minutes. 
The U is filtered out; and added to the main portion of the 
U before it is precipitated with ammonia the first time. 

Most ferro-uranium and ferro-uranium-vanadium-aluminum 
alloys will dissolve in a mixture of HC'l and HNO.j, but the author 
analyzed one such alloy that contained 15 p(T cent of silicon 
that could be decomposed only by fusing it twice with sodium 
peroxide. The following results attest the accuracy of the 
method : 


I'rtiniiitri 

Added 

Uranmin 

Found 

rranium 

A. Idl'd 

1 raimim 
Found 

Gram 

Grain 

Gram 

(Jram 

0 047 

0 048 

0 071 

0 0729 

0 047 

0 047 

0 047 

0 0468 

0.094 

0.0948 

0.094 

0,0950 


Determination of Uranium in Steel 

The feature of the following method is to remove the bulk 
of the iron from the uranium, zirconium, and aluminum 
by fractional precipitation by ammonia. The analysis can 
Reprinted from the author’s paper in Chem. and Met. Eng., May 15, 

1919. 
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then be proceeded with in a simple and accurate way. The 
separation of the bulk of the iron is based on the fact that 
when ammonia is added to iron in t\\c% ferrous state the 
unoxidized iron is first converted to double sulphate of ferrous 
iron and ammonium and remains* in solution. By adding the 
ammonia very s’owly with constant stirring a {X)int in the 
neutralization is reached where a slight reddish precipitate 
forms. On the addition of a few drops more of ammonia this 
reddish precipitate darkens. At this stage all the aluminum, 
zirconium, uranium, etc., is preci])itated, while 99 per cent 
of the total iron remains in solution as d()ui)le sulphate 
and is removed by filtration. By actual test with 10 grams of 
plain steel to which uranium salt was added, over 99 per cent of 
the iron remained in solution. 

Uranium in Plain Steel. — Dissolve on a low flame 5 grams 
of drillings in 50 c.c, 1 : 3 sulphuric acid diluted with 50 c.c. of 
water, using a 600 c.c. Ix'aker. For stec'l containing less than 
0.1 per cent uranaim use 10 grams of sample. When action is 
over, filter ofT the insolui)le residue, which is mainly carbide, 
and wash it twenty-five times with dilute suli)huric wash (25 c.c. 
of 1 : 3 H 2 SO 4 diluted with water to 600 c.c.). Fall this filtrate 
and washings A. The insolulde residue may contain IJ, so it 
must be ashed in a platinum crucible at a low heat; cooled; 
6 c.c. of HF plus 6 c.c. of 1 : 3 sulphuric acid added; evaporabal 
to thick fumes of SO 3 ; cooled; a little watei* added; heated to 
dissolve the sulphates and the clear solution is added to A. 
Then dilute to 250 c.c. volume with water and add 1 : 1 ammonia 
with constant stirring until a slight precipitate forms. Then 
continue to add ammonia drop by drop until the precipitate 
just begins to take on a blackish tint. At this stage all the 
uranium has been precipitated with only a small portion of the 
iron. 

To assure a complete precipitation of the uranium add 
about 10 more drops, but do not exceed 10 drops, as excess 
ammonia only brings down a greater bulk of the iron. Filter 
off the precipitate at once on a double 15 c.c. filter pap«r and 
redissolve it in 50 c.c. 1 : 1 H(3. First warm up the acid in the 
beaker to dissolve any iron that sticks to the sides; then pour 
. the hot acid on the precipitate, catching the filtrate in a 600 c.c. 
beaker. Pour hot filtrate on the filter two or three times until 
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all the iron is in solution. Wash the filter paper about twenty- 
five times with dilute HCl wash (1 : 40). Now peroxidize the 
filtrate and washings^- by adding slowly, with a porcelain spoon, 
about 1 gram of sodium peroxide at a time. After each addition 
wash off the sides of the beaker with water and stir the solution 
well. Keep on peroxidizing until all the iron is precipitated 
and the solution is alkaline when tested with red litmus paper. 

Now add about 5 grams of sodium carbonate and 5 grams of 
ammonium carbonate to keep the uranium in solution. Stir 
well and bring it just to a boil. Filter off the iron and wash 
it about twenty-five times with sodium and ammonium car- 
bonate wash (2 grams of Na 2 C 03 and 2 grams of (NH 4 ) 2 C 03 
dissolved in 600 c.c. of water). To the filtrate which contains 
all ther uranium add I : 1 HCl with stirring, till solution no longer 
turns turmeric paper even a faint brown, but still reacts alkaline 
when tested with red litmus paper. Keep the beaker covered 
when adding the acid, as the effervescence is very strong, espe- 
cially toward the end of the neutralization. Boil off the CO 2 
and then add slowly with stirring (keeping the beaker covered) 
1 : 1 HCl till the solution is slightly acid. No more effervescence 
at this stage, but the acid falls down to the bottom of the beaker 
without action. 

Boil the acid solution for half an hour to remove CO 2 and 
after it has been cooled add 5 grams of ammonium phosphate, 
(NH 4 ) 2 HP() 4 ; stii till dissolved; then add 1 : 1 ammonia till 
it smells ammoniacal and add 1 : 1 acetic acid till the solution 
is acid; now add 5 c.c. acetic acid in excess. The acetic acid 
keeps the chromium and vanadium in solution. Chromium 
does not interfere with the uranium titration, but vanadium 
interferes greatly. 

After a few hours, filter off the uranium and wash it about 
forty times with acetic wash (5 c.c. of ammonium phosphate, 
10 c.c. 1 : 3 H2SO4 diluted with 100 c.c. of water, stir till dissolved, 
make it slightly ammoniacal and then acid with acetic acid 
5 c.c. in excess. Dilute with water to 600 c.c.). Redissolve the 
uranium in 50 c.c. hot 1 : 3 H2SO4 by pouring the hot acid back 
and forth two or three times on the precipitate, catching the 
filtrate in a 400 c.c. beaker. 

Wash the filter paper about thirty times with dilute H2SO4 
y^ater. In high vanadiuni steel it is better to test for vanadium 
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by adding 5 c.c. of H2O2 to the solution and noticing whether 
it changes to brown; if it does, repeat the ammonium phos- 
phate precipitation to remove the vanadium. If the solution 
does not change in color, bring it to a biil; then add several 



Fio. 31. 

drops of KMn04 until a pink color is formed that will not fade 
after fifteen minutes' boiling. Cool the oxidized solution to room 
temperature. Now reduce the uranium by passing it slowly 
through a zinc reductor, Fig. 31, and immediately titrate the 
reduced solution with a standard KMn04 solution to the first 
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appearance of pink that spreads all through the solution. If there 
is any vanadium in the solution at this stage the pink will 
disappear in about five seconds instead of holding one minute. 
Any more permanganate added that disappears after five seconds’ 
standing is due to vanadiutj^ that has been carried over as 
phosphate. 

Jones Redactor. — The column of zinc in the rediictor, Fig. 31, 
rests on a J-inch plug of glass wool. The zinc column is 5^ 
inches long by 4 inch in diameter consisting of 30-mesli grains of 
amalgamated zinc. The amalgamation is accomplished by 
stirring the 30-me.sh zinc under a covering of iiKMcmic chloride 
solution made by dissolving 50 grams of HgC I2 in 1000 c.c. 
of water. The zinc after amalgamation is washed with distilled 
water by decantation in a beaker until free of excess mercuric 
chloride, when it is ready for use. 

A trap jar is placed between the filtering flask and the suction 
to prevent ba(!k pressure which would carry wat('r over from 
the suction pump into the flask which holds the filtered, reduced 
solution of uranium. The volume of the uranium solution to be 
reduced is about 50 c.c. This is passed through redactor slowly, 
i.e., at the rate of 50 c.c. per ten minutes. 

After passing the solution through th(* rediK'tor, wash the 
zinc with dilute H2S()4 (1:6) three times, 10 c.c. each time, 
and then three times more with 10 c.c. of water each time; drawing 
off each washing c^ompletely before adding next washing. The 
volume before titrating is about 100 to 1 10 (‘.c. 

For convenient calculation 2.29 grams KMnO^ are dissolved 
in distilled water and diluted to 4 liters 

1 c.c. KMn04 standard = 0.002169 gram U. 

1 c.c. KMn04 standard = 0.001014 gram Fe. 

The standard KMn04 can be checked for its uranium and iron 
value by titrating it against sodium oxalate. 

Uranium in Chrome-Tungsten Steel 

Dissolve 5 grams of steel in 50 c.c. of 1 : 3 H2SO4 diluted 
with 50 c.c. of water; after action is over, filter off the insoluble 
residue and dilute the filtrate to about 250 c.c. volume with 



URANIUM RECOVERIES 


367 

water. Now add 1 : 1 ammonium with constant stirring until 
the precipitate at first takes a reddish tint, next changing to a 
blackish and finally to a bluish-whitish. A| this stage add al>out 
2 c.c. of ammonia with stirring to complete the precipitation of 
all the uranium in the filtrate wi^h only a small portion of the 
iron. Filter it off at once and finish as in plain uranium steel. 

The insoluble tungsten and chromium carbide residue on 
the filter was found to contain some of the uranium. Wash it 
off the filter paper with dilute sulphuric acid into the original 
beaker, heat it, and then oxidize it with 30 c.c. of 1.20 nitric acid. 
Keep on heating on a low flame until the residue is bright yellow. 
Filter off the tungsten, wash it about twenly-five times with 
dilute H 2 SO 4 wash; and {X'roxidize the filtrate with sodium 
peroxide to separate the uranium from th(‘ iron. Catch the 
uranium filtrate from the main |H‘ro\idalion and that from [xaoxi- 
dation of the insoluble residue in th(' same 800 c.c. beaker and 
finish as in plain steel. 

A variety of n;iixtures were test(*d by adding different portions 
of uranium acetate (56.13 per cent U). The results are given 
below : 


TABLE SHOWING URANIUM ADDED AND FOUND 
TO 10-GRAM SAMPLE OF PLAIN STEEL 


Added, 

(iiarn riaiimtn 

l'<>inid. j 

(iiam \ rainiiin 

0 0112 

0 0110 

0 0143 

0 01 13 

0 0108 

0 0l()0 

0 0280 

0 0280 

0 OoOl 

0 0573 

0 0050 

0 0055 

0 0084 

0 0085 


Ten grams of plain carbon steel —no uranium added. 

KMn 04 1 2 c.c. reading of burette after titration. 

KMnO^ 0 0 c.c. reading of burette before titration. 

KMnO^ 1 2 c.c. = blank which is deducted. 

Uraiiiam, chromium and iron mixture, chromium added as K2Cr20; to 
lO-grara sample of plum steel before dissolving same in HjSOi. 
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TABLE SHOWING URANIUM ADDED AND FOUND 
TO 10-GRAM SAMPLE OF STEEL 


' Added, 

Gram 

Found, 

Gram 

0 0056 ' 

0 0057 

0.0084 

0 0085 

0.0280 

0 0286 

0 0561 

0 0558 


TABLE SHOWING URANIUM ADDED AND FOUND TO 5-GRAM 
SAMPLE OF TUNGSTEN, CHROME, VANADIUM STEEL' 


Added, 

Gram 

Found, 

Gram 

0 0112 

0 0113 

0 0280 

0 0278 

0 0561 

0 0575 


Five grams— no uranium added. 

1 8 c.c. reading of burette after titration. 

0 0 c.c. reading of burette before titration. 


1 8 c.c. = blank which is deducted. 

About 80 per cent of the iron is removed by ammonia pre- 
cipitation in the filtrate when large amounts of carbides of 
tungsten, chrome,/ and vanadium arc present, as was found by 
actual test. The bulk of the 20 per cent of iron that remains 
to be separated by peroxidation is found in the carbide residues 
of these steels. 
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Part II 

THE DETERMINATION OF VANADIUM IN SANDSTONES CONTAIN- 
ING CARNOTITE, ROSCOELITE, AND CALCIUM VANADATE, 

ETC. 

(A) If the sandstone contains about 3 per cent V then take 
3 grams of the finely powdered ore, and 4 grams for a check 
analysis. Treat the ore in a porcelain-handled casserole, and 
extract it with 100 c.c. of cone. HNO 3 for a half hour, just 
below boiling, with frequent stirring. Then remove the cover 
and evaporate to dryness. In the same manner extract this 
residue with 50 c.c. of cone. HCl, heating with the cover on 
until all red fumes are gone. Now remove the cover, and evapo- 
rate low. Add 50 c.c. of 1 : 1 sulphuric acid and evaporate to 
heavy white fumes to remove the HCl. Cool. Add 50 c.c. of 
water; stir, heat, cool; filter off the insoluble residue and wash it 
with dilute sulphuric acid water. Dilute the^ filtrate and wash- 
ings to *200 C.C., boil with permanganate and finish the deter- 
mination as given on page 14. 

(B) If the chemist wishes to reassure himself that even the 
last traces of vanadium have been extracted from the ore, he can 
burn off the insoluble residue obtained above in an iron crucible 
and fuse with 10 grams of peroxide of sodium. The fusion is 
kept just molten for two minutes. The melt is then dissolved 
out in the manner described on page 184 under Chromium in 
Chrome Ore. The sulphuric acid solution is filtered from any 
iron scales and the filtrate and washings are then analyzed for 
vanadium as above, and any vanadium found is added to that 
gotten in the main solution. 

It is well for the operator to put a known amount of vanadium 
. through all of the operations described in (A) to get the vana- 
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dium value of the standards for this method. Ferro- vanadium 
of known vanadium content is decidedly the best for the manip- 
ulation under (A). For (B) vanadic acid (V 2 O 5 ) of known 
purity is much the best source of V. 

Almost any ore of vanadium can be accurately assayed for 
vanadium by the combination of (A) and (B). Tho sulphide 
ore of vanadium (Patronite) should first have the sulphur roasted 
out of it at a low heat, when it can be analyzed according to 
(A) and (B) or the ash can be fused according to (B) alone. 


Analysis of Pitchblende from Joachimthal, Austria 

Uranium. — 0.50 gram of the finely powdered mineral was 
dissolved in 30 c.c. of 1.20 nitric acid, heating until nothing but 
a white residue remained; took dry; acidulated with 100 c.c. of 
1.20 hydrochloric acid, heating until all but silica was dissolved. 
Filtered; washed; took filtrate and washings again dry; took 
up as before; filtered; washed; ignited; weighed and finished 
for silica. The two filtrates and washings from the silica were 
combined and precipitated with ammonia for iron and alumina; 
the iron and alumina were filtered out; redissolved; washed; 
and the filtrate and washings were finished as in clay (see pages 
408-409) for iron and alumina. The filtrates and washings from 
the two precipitations of the iron and alumina were blue, due to 
the presence of copper. The lime and magnesia in these filtrates 
were obtained therefrom as given .on pages 409-410. 

The ammonia precipitate of the iron and alumina contains 
all of the uranium also. This precipitate was analyzed for iron, 
alumina, uranium, and vanadium by the methods described on 
pages 353 to 362. 

The copper was found on a separate portion after dissolving 
the ore as described and passing H 2 S through the very slightly 
acid solution until it is thoroughly saturated in hot solution. 
The copper sulphide was dissolved by warming it in 1.20 nitric 
acid until all black substance was dissolved. The solution was 
then evaporated to thick fumes and the lead was filtered out 
as sulphide; washed and finished as described for lead in tungsten 
ores (see page 105). The copper in the filtrate from the lead 
was finished by cyanide titration as given on pages 205 to 207. 
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THE DETERMINATION OF VANADIUM IN SANDSTONES CONTAIN- 
ING CARNOTITE, ROSCOELITE, AND CALCIUM VANADATE, 

ETC. 

(A) If the sandstone contains about 3 per cent V then take 
3 grams of the finely powdered ore, and 4 grams for a check 
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below boiling, with frequent stirring. Then remove the cover 
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until all red fumes are gone. Now remove the cover, and evapo- 
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heavy white fumes to remove the HCl. Cool. Add 50 c.c. of 
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last traces of vanadium have been extracted from the ore, he can 
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kept just molten for two minutes. The melt is then dissolved 
out in the manner described on page 184 under Chromium in 
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vanadium as above, and any vanadium found is added to that 
gotten in the main solution. 

It is well for the operator to put a known amount of vanadium 
. through all of the operations described in (A) to get the vana- 
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Part I 

QUALITATIVE AND QUANTITATIVE TESTS FOR COBALT AND 
NICKEL IN STEEL AND METALLIC COBALT 

Dissolve 0.500 ^ram of drillinpjs in a mixture of 30 c.c. 1.20 
HCl and 30 c.c. of cone, nitric acid. Heat until the insoluble 
residue is bright yellow if tungsten is present. Filter on a 
double 11 cm. filter; wash free of iron with 1 : 10 HCl. Make 
one basic acetate separation as in the gravimetric method; filter, 
wash a few times with acetate wash. Evaporate the filtrate and 
washings, if necessary, to 200 c.c. Now warm the solution with 
a drop or two of ammonia to see if any small amount of iron 
separates out. Filter again, as iron interferes with cobalt test, 
and wash a few times with ammonia wash; add an excess of 
dimethylglyoxime to the ammoniacal filtrate. If only a brown 
coloration results that does not turn to a scarlet precipitate, then 
cobalt is present. If a scarlet precipitate forms at once or in 
a few minutes tlien nickel is present (see Brunck’s method for 
nickel). 

If on filtering off this scarlet precipitate, after one hour's 
wait the filtrate is brown in color, then cobalt is also present. 
0.25 per cent of cobalt in 0.500 gram of steel gives a very distinct 
brown color. The author would suggest this for a color method 
for small amounts of cobalt. If only a slight brown coloration 
forms on adding the “dimethyr' then several hours should elapse 
before making a decision, as a small amount of nickel, at first, 
gives only a brown coloration which eventually changes to a 
small scarlet precipitate. 

If a per cent or two of cobalt is present then the acetate filtrates 
will show a pink coloration which is in itself a sure proof of the 
presence of cobalt; i.e., before any “dimethyl" is added. This 
pink color looks exactly like a weak solution of KMn 04 . 
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Qualitative Test fcr Cobalt in Steel in the Presence 
OF Nickel, Iron, Chrome, etc. 

Dissolve 1 pram in nitric acid or in tlic Ix'foro mentioned 
mixture of nitric and hydrochlorii^ acid; boil down to 20 c.c.; 
add an excess of ammonia. Redissolve in placial acetic acid; 
add a large excess of potassium nitrite and in a little time a 
yellow precipitate of potassium cobalt ic-cyanide will separate out, 
and look very much like the yellow precipitate obtained with 
molybdate solution, in phosphorus analysis. 

To prevent frothing add some alcohol immediately after 
putting in the potassium nitrite. 

Gravimetric Method for Cobalt. — In steels either in presence 
or absence of tungsten, molybdenum, vanadium, and chromium. 

Weigh 1 gram and 500 mgs. of sample and transh'r to No. 5 
porcelain dishes. Dissolve each in a mixture of 30 (!.c. cone. 
HCl and 30 c.c. cone. IIN():j. When frothing is over, place 
over moderate flames on graphite baths and heat for alx)ut 
one hour, or until residue in dish is of a clean bright yellow 
color. Rinse off cover glasses and sides of dishes with water, 
then add 100 c.c. cone. HNOa and take to* dryness, lowering 
flames to avoid loss from spurting when contents of dishes 
are nearly dry. (This is conveniently accomplished over- 
night.) 

Bake over a bare flame or much better in^an electric muffle 
furnace (see page 119) until nitrh^ fumes are driven off. When 
sufficiently cool to prevent cracking the dishes, add 40 c.c. cone. 
HCl, and with cover glass on, digest for thirty minutes, or until 
all soluble constituents are in solution; boil to volumes of alxiut 
25 c.c.; dilute with water to about 100 c.c.; and evaporate to 
about 75 c.c. 

Rinse off cover glasses into dishes, add pulp, filter on double 
11 cm. filters into 600 c.c. beakers. Wash precipitate, until 
free of iron, with- a 1 : 10 HCl wash. Set aside filtrate which 
contains the bulk of the (‘obalt. 

Treatment of the Preci]ntale.—'Rurn off in clean platinum 
crucibles to yellow powder, using nickel wire to break up hard 
particles. Weigh when cool, add 2 or 3 drops H2SO4 and 10 c.c. 
hydrofluoric acid and drive off the SiF4 in a moderately warm 
muffle. When dry remove any outside dirt from crucible with 
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damp cheese-cloth, drive off SO 3 fumes with aid of a Bunsen 
or Chaddock burner flame, heating finally to redness; cool, 
weigh. Loss in weight represents Si02, which, multiplied by 
49.63, gives silicon. Calculate to percentage. 

To contents of each crucit)le add 8 grams Na 2 C 03 . Fuse with 
lids on for fifteen or twenty minutes. I^et cool slightly and 
extract the melts with hot water in platinum dishes. When salts 
are in solution, which should not require more than ten minutes 
heating, remove the crucibles and rinse them thoroughly with 
water into dishes so that they contain no carbonate. Filter on 
double No. 9 cm. filters. Discard this filtrate. Wash precipitate 
with water until free of alkali to phenolphthalcin. Burn off 
in same crucibles in which fusions were made. Weigh when 
cool. 

Differences in weight between the final silicon-free weight and 
this one represents WO.^, which, when multii)lied by 0.7931, gives 
tungsten. To the final residue in the crucible is added 10 c.c. 
cone. HCl and the crucible is heated gently until contents arc 
dissolved. 

Transfer dissolved content of each crucible to its respective 
beaker which contains the main cobalt filtrate. Total cobalt 
is now in 600 c.c. beakers. 

Nearly neutralize with ammonia. Dilute to about 400 c.c. 
with water. Heat to 80° C. and pass H 2 S through for twenty 
minutes or until^ precipitate separates out distinctly. Remove 
and let settle for at least one-half hour. Filter on double 11 cm. 
filters into 600 c.c. beakers, washing precipitate with H 2 S wash 
(2 drops 1 : 1 HCl, 500 c.c. water, saturated with H 2 S). 

Precipitate contains M0S3 and other metals that are precipi- 
tated in acid solution. Ignite the sulphides at a low reddest 
heat in porcelain; weigh; extract with ammonia and filter; wash 
with filtered ammonia water and again weigh. Loss in weight 
is M 0 O 3 , of which 66f per cent is molybdenum. 

Filtrate from Sulphides , — Concentrate to about 50 c.c., add 
50 c.c. cone. HCl, then 1 gram KCIO 3 and concentrate to 30 c.c., 
keeping covered until all fumes of chloric acid are gone to pre- 
vent loss by spraying. Dilute to 150 c.c., add 50 c.c. cone. 
HCl, and evaporate to 50 c.c. volume, to remove, entirely, the 
free chlorine. Finally, dilute to 300 c.c. with water, add ammonia 
until a faint cloud forms that will not stir out. Then add 20 c.c. 
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and 10 c.c. of ammonium acetate to the 1 gram and 500 mgs. 
weights respectively. (2 c.c. = 1 gram ammonium acetate.)* 

Put on Argand burner stove and allow them to boil for about 
two minutes. Remove from fire; allow ac(‘t?ites to settle; filter 
through double 15 cm. filters into 600 c.c. beakers that have 
been previously boiled out with dilute HC'l. Wash precipitate 
fifteen or twenty times with acetate wash. Set aside filtrates. 
Dissolve precipitate in 50 c.c. Hf'l (I : 1) by heating and pouring 
back and forth several times, then washing filter free of iron 
with 1 : 10 HCl wash. Make a second basic acetate separation, 
using 15 c.c. and 8 c.c. of ammonium acetate respiM'tively for 
the 1 gram and 500 mgs. w(‘ights. Filt(‘r into 000 c.c. beakers 
and wash as before. 

Ihe Combined Acetate Filtrates . — If these filtrates contain 
much cobalt they will be pink. Heat to boiling; make faintly 
ammoniacal; add 5 c.c. of I : 1 ammonia in excess and last of 
all 50 c.c. saturated solution of microcosmic salt. Stir vigorously, 
otherwise bumping may break beakers. A blue precipitate 
forms which continuous stirring changes to a crystalline grape- 
colored precipitate that s(dtl(‘s rapidly, leaving a water-white 
supernatant liquid. Filter on 11 cm. filters into clean liter 
beakers, washing precipitates with water containing 4 c.c. 
ammonium acetate, until fre(i of (‘hlorides, testing a few drops 
of the acidulated washings with silvcu’ nitrate solution. Burn 
ofY precipitates in weighed platinum crucibles over low flame 
at first, then increase to bright red heat; br(^ik up lumps with 
a nichrome or platinum rod. ('ool, and weigh as cobalt, nickel, 
and manganese pyrophosphates and a little Si02 (C). Deter- 
mine manganese in a separate portion by sodium arsenite titra- 
tion, calculate to Mn 2 P 207 and deduct. Dissolve (ontents of 
crucibles with (1:1) H(d; filter; wash with 1 : 10 11(1, then 
with water; burn and weigh small amount of silica and deduct 
from (C). The remainder is C02P2O7, of which 40.39 per cent 
is Co. 

The filtrates and washings from the phosphates of Co, Ni, 
and Mn usually contain a little Co and most of the Ni, etc., 
which are removed by saturation with H 2 S in hot solution as 
follows: Heat the latter to 70° or 80° C., pass H 2 S through for 

* Use an ammonium acetate solution that has been made neutral, or very 
faintly alkaline with ammonia. 
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about thirty minutes. Black CoS and NiS are precipitated. 
Filter on double 11 cm. filters and wash about fifty times or 
until free of salts with water containing 2 grams ammonium 
acetate and saturat^ed with H 2 S. Burn off and weigh as CoO, 
of which 78.66 per cent is Co. ^ Add this cobalt to that found from 
phosphate precipitation to get total cobalt. Deduct the Ni 
found on a separate portion. 

The gravimetric method for cobalt powders and ferro-cobalt 
is the same as in ('o steels except that but 0.5 gram is taken 
for the Co determination. 


Volumetric Method for Cobalt in Steel 
(Preliminary Remarks) 

Cobalt cannot be titrated quantitatively with KCN, exactly, 
as nickel owing to interfering reactions that take place. If the 
attempt is made to titrate cobalt alone with cyanide and silver 
a black precipitate forms that obscures the end-point. This is 
due to the formation of silver cobaltic-oxide. 

The author, after several months of experimenting, found that 
by the use of tartaric acid and by always having not less than 
1 gram of iron in solution per 0.1 gram of Co and by strict 
adherence to the following details, titrations, even up to 100 mgs. 
of cobalt, can be made with accuracy. Dissolve 0.8 gram and 
1.0 gram of the steel in 40 c.c. of 1 : 3 sulphuric acid; add 15 c.c. 
of 1.20 nitric acid and digest the steel, if tungsten be present, 
until the latter is bright yellow; cool; add 12 grams of tartaric 
acid; dilute to 100 c.c.; add 90 c.c. of 1 : 1 ammonia; drop in a 
piece of litmus paper and then drop in 1 : 3 sulphuric acid from 
a burette with great care, until the litmus paper just turns 
from a blue to a red; then add exactly 4 c.c. of 1 : 1 ammonia 
in excess and no more, before titration with KCN. 

The author uses c.p. cobalt powder for standardizations. 
Its purity can be checked by the phosphate method as given 
for steels. Nickel in cobalt steels and metals is determined by 
Bfunck's method. 

It is extremely important to have the excess of ammonia in 
all tests and standardization mixtures as nearly alike as possible. 
Varying amounts of free ammonia cause discordant results, 
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and 10 c.c. of ammonium acetate to the 1 gram and 500 mgs. 
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tion, calculate to Mn 2 P 207 and deduct. Dissolve (ontents of 
crucibles with (1:1) H(d; filter; wash with 1 : 10 11(1, then 
with water; burn and weigh small amount of silica and deduct 
from (C). The remainder is C02P2O7, of which 40.39 per cent 
is Co. 

The filtrates and washings from the phosphates of Co, Ni, 
and Mn usually contain a little Co and most of the Ni, etc., 
which are removed by saturation with H 2 S in hot solution as 
follows: Heat the latter to 70° or 80° C., pass H 2 S through for 

* Use an ammonium acetate solution that has been made neutral, or very 
faintly alkaline with ammonia. 
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Add exactly 4 c.c. ammonia (1 : 1) to each neutral test solu- 
tion before beginning to titrate. It is very important that the 
excess of ammonia be the same for standards and tests. (See 
Preliminary Remarks.) 

Add 2 c.c. KI solution, tljen exactly 2 c.c. AgNOa solution, 
which produce quite a turbidity. Stir and add KCN solution 
rapidly at first and slowly toward the end until the cloud just 
disappears. Record time at that moment and let stand six 
minutes. Record readings of “Silver” and “Cyanide” burettes. 

At the end of six minutes clear up the newly formed cloud, 
slowly, with cyanide and add the amount thus used to that 
already consumed. Titration is now finished. Disregard any 
subsequent clouds that are almost certain to form. Titration of 
1 gram of a non-cobalt steel, to get the relation between cyanide 
and silver, is the next step and is as follows; After dropping 
in the 2 c.c. of KI (from small pipette or graduate) and 2 c.c. 
AgNOa from burette, clear up carefully and slowly with KCN 
solution and record readings. Since all steel contains at least a 
trace of copper or nickel, this titration is made in order to elimi- 
nate any interference from this cause. This having been done, 
add 10 c.c. KCN solution, then carefully bring on a faint cloud 
with AgNOa solution, just clearing with a drop or two of KCN 
to be sure of no appreciable excess. This titration gives the 
relative comparison of cyanide and silver solutions, showing that 
1.1 c.c. of KCN ecjual 1.0 c.c. of AgNOa. 

The calculations are the same as in the similar method for 
nickel, page 227. Deduct any nickel found on a separate portion 
by Brunck’s method or the modified form of it. It is quite 
unlikely that appreciable amounts of nickel will be found in 
cobalt steels. The same can be said of copper, although the 
latter can be removed beforehand by H 2 S. 

Standardizations and Calculations . — Determine the blank first. 
Add 2 c.c. KI solution, then 2 c.c. AgNOa solution. Add KCN 
solution, drop by drop, until white cloud of Agl disappears. 
Take burette readings for silver and cyanide solutions; then add 
a known amount of cyanide, about 10 c.c., and titrate to a faint 
cloud with silver nitrate. Calculate silver nitrate in terms of 
cyanide, e.g., 

11.1 c.c. KCN = 10.1 c.c. AgNOa. 

1 c.c. AgNOa = 1.1 c.c. KCN. 
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Standard mixtures: 

(1) 30 mgs. C. P. cobalt and 800 mgs. high-speed steel. 

(2) 50 mgs. C. P. cohalt and 1 gm. * high-s|X'ed steel. 

(3) 80 mgs. C. P. cobalt and 1 gm. high-spc'od steel. 

(4) Blank, no cobalt added aiid I gm. high-speed steel. 

Put the above mixtures through all of the foregoing operations 
until the point of titration; then add 2 c.c. K1 solution, also 
exactly 2 c.c. AgNOa; then with constant stirring drop in KCN 
solution until the cloud disappears. Record first and last read- 
ings of burettes. Note the time. Wait exactly six minutes, 
then read the KCN burette and clear up the second cloud 
cautiously. Take reading and add it to former KCN reading. 
Deduct (2.0X1.1) c.c. frotii the total KC'N reading; the remain- 
der represents KCN consumed by the cobalt. 

EXAMPLE 


0.050 gm. metallic cobalt used, which contains 07.21 per cent Co. 


KCN to clear first cloud. 

KCN to clear second cloud. 

AgNOi 

0 0 

71 2 

14.0 

69 9 

73 9 

16.0 

69 9 

2 7 

2.0 

2.7 

• * 

XI. 1 

72 6 


2.2 

-2 2 




70.4 = 0 05gm.X0 072 gm. Co=0 0486 gm. Co., or 1 c.c. KCN 
= 0 0006904 gm. cobalt 


Titrate sample in exactly the .same way as the standard mixtures. Since 
800 mgs. weights have a general tendency to go lower than 1 gm. weights for 
reason stated in the introduction, use the higher factor on those weights, viz. : 

30 mgs. standard -f 800 mgs. steel 
1 c.c. KCN =0.000704 gm. cobalt 


50 mgs. standard -fl gm. steel 
1 c.c. KCN =0.0006904 gm. cobalt 
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800 mgs. sample required 49 4 c.c. KCN. Therefore the steel contained 
49.4X0.000704 mg. Co or 0.03477 mg. Co. Hence per cent cobalt in sample 
equals 0.03477 -f-0.8Xl00, or 4.35 per cent cobalt. 

1 gm. sample required 63.0 c.c. KCN. Therefore the steel contained 
63.0 X 0.0006904 gm. Co, or 0.04349 gm. Co, or 4.35 per cent cobalt. 


Nickel in Cobalt Steels 

Weigh 1 gram and 0.9 gram of sample into 400 c.c. beakers. 
Dissolve in 25 c.c. H 2 SO (1:3) over moderate flame. Oxidize 
with 10 c.c. HNO 3 (1 . 20); cool; add 5 grams citric acid per 
gram sample taken. Make slightly ammoniacal ; dilute to 300 c.c. ; 
add 20 c.c. of a 2 per cent alcoholic solution of dimethylglyoximc; 
let stand two hours; filter on double 11 cm. filters; wash about 
twenty-five times with dimethyl wash (10 c.c. of 2 per cent 
dimethyl to 500 c.c. water). Dissolve by passing 25 c.c. 1 . 20 
HNO3 (cold) back and forth on the filter. Wash about forty 
times with nitric wash (10 c.c. 1 . 20 HNO 3 to 500 c.c. water). 
Make filtrate ammoniacal and repeat dimethyl precipitation to 
remove cobalt which is carried out with nickel in considerable 
quantity. Filter and wash as above. The precipitate should be 
bulky and of a brick-red appearance. If not, make a third pre- 
cipitation to insure complet/e removal of cobalt.* 

Volume of dissolved precipitate should be about 100 c.c. 
Boil about ten minutes. Add 15 c.c. H 2 SO 4 (1:3); cool; add 
2 grams citric acid; make slightly ammoniacal, volume about 
200 c.c.; titrate at ordinary room temperature in usual manner 
for nickel titration in plain nickel steel by the KCN method; 
calculate per cent nickel in sample. 

When nickel is present along with cobalt in steels, run nickel 
standards in the same manner as described for cobalt standards, 
i.e., clearing up of first cloud after waiting six minutes. Per cent 
nickel having been determined by separate operation, calculate 
number of c.c. used for nickel by dividing amount of nickel 
found by the nickel value of the cyanide solution standardized 
as above; deduct from total KCN used by the cobalt plus nickel 
and calculate cobalt by multiplying the remaining c.c by the 
cobalt value of the solution. 

A filtrate at this point, free from brown color, indicates the complete 
removal of the cobalt from the red nickel precipitate. 
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STANDARDIZATION OF KCN SOLUTION WITH NICICEL AMMO- 
NIUM SULPHATE, FOR COBALT NICKEL STEELS 
200 m^s Ni. Am. Sulphate: ftOO mgs High Speed Steel 


KC-M 0 lear lirat cloud. 

KCN to clear sc )iid cl 

•u.l 

AkNOi 

19 3 

58 0 

• 

48 0 

51.6 

58.4 

— »_ 


• 50.0 

32.3 

0.4 


2.0 


.4 XI. 1 


32.7 

2.2 

2 2 



30 5 

0.0146 gm. of Ni in 0.100 gram of Ni Am. sulphate 
0.0146 gm.X2--30..') = 0 000y.'j7, or 
1 c.c. KCN solution equals 0.000057 gm nickel 
340 mgs. Ni. Am. Sulphate. ' 1 gm. High Speed Steel. 


KCN 

KCN 

AKNt)3 

1 2 

78 6 

52 0 

54 0 

80 6 

54.0 

— 

— 

— 

52 8 
+2 0 

54 S 

2.2 

52 6 

2.0 

2.0 


0.0146X3.4-4-52.6 equals 0 0000437, or 
1 c.c. KCN solution eijuul.s 0 0(X)01i37 gm. nickel. 

CALCULATIONS FOR COBALT IN C )BALT NICKEL STEELS 
Sample 800 rags. 



1st titration. 

2d titration. 

AgNOj 

KCN 

KCN required to clear second cloud 

which formed after gix minutefl 

54 0 

0 2 

1 0 

56 0 

78 4 

5 7 

2.0 

78 2 

4 7 


4 7 


82 9 
2 2 

80 7 
27.45 

53 25 
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Cobalt and hickel required 80.7 c.c. KCN in 0.8 gram of sample. Since 
3.26 per cent nickel was found by separate determination, therefore 0.0326 X 
0.8 = 0.02608 gram nickel, which divided by 0.00095 = 27.45, or 27.45 c.c. of 
KCN to be deducted frori the total, or 80.7 c.c. This gives 80.7—27.45, 
or 53.25 c.c. of KCN used by cobalt alone. 53.25 X 0.00068X 100-^-0.8=4.52 
per cent Co. ^ 

Sample 1 gm. 



lat titration. 

2(1 titration. 

AgNOi 

KCN 

KCN required to elcar the second cloud 
which forms after six minutes 

56.0 

0 6 

57 0 

58 0 

99.0 

62 2 

2.0 

98.4 

5.2 


5 2 


103 4 
2 2 

101.2 

34 3 

66 9 

Cobalt and nickel required 101.2 c.c. of KCN for 1 gm. sample. Since 
3.26 per cent nickel was found by separate determination, therefore 0.0320 X 
1.0-7-0.00095 = 34.31. 101.2-34.3 = 60.9 or KCN used by cobalt alone. 

66.9 X0.00068 1 X 100 = 4.55 per cent cobalt. 


The Determin^.tion of Small Amounts of Nickel in 
THE Presence of Large Per Cents of Cobalt 

Dissolve 1 or more grams of the cobalt in 40 c.c. of 1.20 nitric 
acid; add 15 c.c. of 1 : 3 H 2 SO 4 ; boil off nitrous fumes; cool; 
add 5 grams of citric acid per gram of cobalt taken; add a slight 
excess of ammonia. Cool and add 20 c.c. of a 2 per cent solution 
of the dimethylglyoxime in 95 per cent alcohol for every gram 
of metallic cohalt present. Let the cold solution stand for at 
least one hour; filter out the precipitate of the nickel compound 
which owing to contamination with Co may not have its true 
scarlet color. It is washed with “dime thy P' wash consisting 
of 10 c.c. of the dimethyl solution diluted with 500 c.c. of water, 
and is redissolved in 25 c.c. of 1.20 nitric acid, and reprecipitated 
as before. The now scarlet precipitate is washed as at first; 
dissolved; 15 c.c. of 1 : 3 sulphuric acid are added to the solution 
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which is then boiled fifteen minutes. Five grams of citric acid 
are added and the nickel is titrated with cyanide and “silver'' 
as in steels. This method should also answer- for the separation 
of small amounts of nickel from large amounts of elements, like 
manganese and chromium, whiijh give very dark fluids when 
held in ammoniacal solution by ammonium citrate. In this way 
large weights of these elements could be taken as in the case of 
the Co. 

The Testing of Nickel for Small Amounts of Cobalt 

Dissolve 4 or 5 grams of the nickel millings in 1.20 nitric acid, 
using 10 c.c. of the acid for every gram of the sample taken. 
Boil off the red fumes; dilute to 20 c.c.; add ammonia until a 
slight precipitate forms that does not di.ssolve on long stirring, 
if iron or aluminum be present; if neither of these elements arc 
in the solution then add the ammonia until a piece of litmus 
paper floating in the solution just turns blue. Now add acetic 
acid (1 part of glacial acetic acid diluted with an equal volume of 
water) until the precipitate just dissolves, or the litmus turns to 
red, or the solution smells of a slight excess of acetic a(ud; add an 
excess of 10 c.c. of the acetic acid; dilute the solution to 400 c.c. 
and add 25 grams of potassium nitrite when, after a few minutes, 
the solution will begin to cloud with a precipitate of the tri- 
potassium cobaltic nitrite. If the percentjy^e of C'o present is 
very small, being less than 0.1 per cent, then the precipitate will 
appear yellow only after the lapse of an hour or two. If there be 
from 0.3 to 0.5 per cent of ('o in the sample then the cobalt will 
quickly form in a bright yellow powder, and slowly settle to the 
bottom of the beaker. After standing twelve hours the pre- 
cipitate is filtered off and washed with 25 grams of potassium 
nitrite dissolved in 300 c.c. of water and made slightly acid with 
acetic acid. The precipitate should be mixed with some finely 
divided filter pulp before filtering. Wash it until the washings 
no longer give any color with a solution of dimethylglyoxime. 

The yellow precipitate is then dissolved in 40 c.c. of hot 1 : 1 
HNO3 and the filter is thoroughly washed with the acid. The 
filtrate and washings are made slightly ammoniacal and 20 c.c. 
of “dimethyl" are added to each test. This gives a brown color 
whose depth is proportional to the cobalt present and is com- 
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pared with known amounts of cobalt ammonium sulphate put 
through all of the above operations. The color is almost exactly 
the same shade os that obtained in the color carbon test in 
steels. 

If, when the yellow cobal^ precipitate is washed with the 
above nitrite wash, it is found that the nickel is very difficult to 
remove, the yellow precipitate can be redissolved, reprecipitated, 
and washed again. This treatment should remove the nickel to 
the extent that the cobaltic-nitrite can be readily washed free 
of nickel test with the “dimethyl” wash. 

The above procedure constitutes a very delicate qualitative 
test for cobalt in the presence of nickel. Less than 0.100 per cent 
of Co can be readily detected in 5 grams of nickel. The operator 
should be careful to carry out either the qualitative or the 
quantitative precipitation exactly, as described for the quanti- 
tative method, as there are conditions which cause the cobalt 
to precipitate very slowly and imperfectly. If, when the nitric 
acid solution of the yellow precipitate is made ammoniacal, 
prior to the addition of the “dimethyl” to obtain the brown 
color, a precipitate of iron appears, this iron must be removed 
as iron also gives a color with this reagent. Make a basic acetate 
separation of the iron, in the usual way, in a volume of 100 c.c. 
Make a second basic acetate separation of the iron and combine 
the two filtrates and washings from the basic acetate precipi- 
tations; make arntponiacal; add the “dimethyl” and compare 
with the standard similarly treated, consisting of 0.2 gram of 
cobalt ammonium sulphate put through all of the above opera- 
tions. 


ANALYSIS FOUND 



Per Cent 


Per Cent 

Cobalt 

0 600 

98 400 

0 60 

Silicon 

Manganese . . 

Copper 

0 28 
Trace 

0.12 

Nickel 

T rnn 




Electrolytic Method for Cobalt and Nickel in Ferro- 
Cobalt and in Cobalt Powder 

The following method is used by one large European concern 
for the valuation of their product: 20 grams are dissolved in 
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moderately cone, nitric acid. Any insoluble matter is fused with 
KHSO4 and the fusion is dissolved in diluted H2SO4 (1 .* 3), 
added to the main solution and then all is transferred to a liter 
volumetric flask, diluted to mark and mi??ed well by repeatedly 
inverting the flask; 25 c.c. of this solution are accurately measured 
from a 50 c.c. burette that has been rinsed three times with some 
of the liter solution. These 25 c.c. are evaporated to thick 
fumes with H2SO4; diluted to 350 c.c. with water; and the 
copper is precipitated with H2S. The CU2S is filtered out and 
washed with H2S water containing a drop of H2SO4 in 500 c.c. 
The filtrate and washings from the €1128 are evaporated low, 
in a casserole; 5 c.c. cone. HNOu are added and 75 c.c. of cone. 
HCl; heated with lid on until all red fumes are gone; the lid 
is removed and evaporation to 10 c.c. follows. Dilute to 350 c.c.; 
make a double basic acetate separation of the iron as in gravi» 
metric method; add 2 c.c. of acetate p(^r 100 mgs. of cobalt 
present; filter off any iron acetate, wash with acetate water. To 
filtrate and washings add 35 c.c. H2SO4 of 30*^ Bt*. and evapo- 
rate to fumes; take up with water and add 2 grams of sodium 
sulphite, also about 40 c.c. of ammonia of about 0.96 sp. gr. The 
strongly ammoniacal solution should now be about 100 c.c. 
volume. Electrolyze this solution in the cold with a current of 
0.3 to 0.4 amp. and 0 volts for about six hours, using a platinum 
spiral and a gauze electrode of platinum. Weigh as cobalt plus 
nickel. 

Determination of the Nickel 

One hundred c.c. of the liter solution are neutralized with 
KOH and KCN is added until the precipitate that forms is 
dissolved. Add an excess of KOII; add bromine water until a 
yellow color is obtained; and allow the precipitate to settle for 
one hour. The black precipitate of nickel oxide which still 
contains a little cobalt is filtered, washed with KOH water and 
redissolved in HCl containing bromine water. This Ni is then 
reprecipitated as before, redissolved and the solution is elf^ctro- 
lyzed for nickel, as in the case of the Co. The nickel is then 
dissolved off the electrode with HNO3. The nitric solution can 
be titrated with KCN. 

Or precipitate the solution of the deposited nickel with a 
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1 per cent alcoholic solution of dimethylglyw&cime at 50° C. in 
excess of ammonia. Dry the precipitate 'to constant weight at 
120°. The nickel is then deducted from the cobalt plus nickel 
determined from tht 25 c.c. by electrolysis, and the cobalt 
obtained by difference. 


The Method Given in Detail for the Determination of 
Cobalt and Nickel by Electrolysis as Used by the 
Author 

For cobalt powder, cube or ferro-cobalt containing 70 per cent 
or more of Co, dissolve 0.2 gram (and 0.3 gram for a check) in 
35 c.c. of 1 : 3 sulphuric acid, using 600 c.c. beakers. When the 
action is over, oxidize any iron by the addition of 10 c.c. of 1.20 
nitric acid; boil down to 15 c.c.; add 50 c.c. of water and boil 
again to 15 c.c.; cool; make the basic acetate separation of the 
iron in the same way as described under ferro-manganese, page 
244. Add 2 c.c. of the slightly ammoniacal ammonium acetate 
solution for each 100 mgs. of cobalt present. Filter out the 
acetate of iron; redissolve it and repeat the basic acetate separa- 
tion. The combined filtrates from the two basic acetate separa- 
tions are acidulated with 10 c.c. of H 2 SO 4 and evaporated to 
200 c.c. Ammonia is added until the solution takes on the 
faintest excess of ammonia. Then 100 c.c. more of 1 : 1 ammonia 
are dropped in and 2 grams of sodium sulphite. The solutions are 
transferred to 400 b‘.c. beakers and electrolyzed with a current of 
0.45 ampere and 3.2 volts until the pinkish solution is entirely 
colorless. The electrolysis is conducted in pairs. The current 
is turned on and allowed to run all night. 

The beakers are arranged so that they can he lowered away 
from the electrodes when the deposition of the cobalt is com- 
pleted. The electrodes are rin.sed off with distilled water; and 
another beaker is slipped under them and raised and lowered 
with the electrodes dipping in the water; a second and third 
beaker of water are also used to wash the electrodes as many 
more times. The cathode is then dried in an air bath at 100° C. 
for forty-five minutes; cooled; and weighed. It is again washed; 
dried; cooled; and weighed. The final weight less the weight 
of the cathode, taken before the analysis, equals the weight of 
the cobalt, and any nickel present. The author has found nickel 
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from traces to 3 *^r cent in every case thus far, of cobalt of 
commerce. 

Fig. 32 shows an arrangement of electric lamps whereby 
the amperage can be varied from 0.225 io 0.9 ampere, and 
from which, with a 220-volt cijTuit, an electromotive force 
of 3.2 volts can be obtained. At the points marked 16 c.p., 16 
candle-power lamps are placed in the circuit. A 32-c. p. lamp is 
put in the socket so marked. With one 16-c.p. lamp burning 



Sketch No. 32 . 


the current is 0.225 ampere; with two such in action the 
amperage is 0.45 and so on. With the 32-c. p. lamp the current 
is 0.45. With all three lamps the amperage is the sum total, 
or 0.9. The voltage on the main is 220. This group of lights 
can be arranged on a board 8 by 10 inches. One such group is 
of course needed for each detennination. To determine which is 
anode and which is cathode, close the switch, wet a piece of 
turmeric paper and touch the ends marked “anode’' and “cathode** 
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to the paper, when the end which is cathode, or negative, will 
stain the turmeric red. 

The solution from which the O and Ni have been deposited, 
is saturated with H 2 S, and any small amount of black sulphide 
that separates out is filtcrc^l out; washed with H 2 S water; 
ignited in a porcelain crucible at a low red heat; weighed as CoO; 
multiplied by the factor 0.7866 to convert it to the equivalent 
of metallic (^ 0 ; and added to the total of Co plus nickel found 
on the cathode. The cathode is then placed in hydrochloric 
acid, which quickly dissolves off the ('0 and Ni. The cathode is 
removed and rinsed thoroughly. To the solution and rinsings are 
added the solution of the small amount of the oxide which has 
meanwhile been dissolved in a little aqua regia. Make the 
total solution ammoniacal and precipitate the nickel out of the 
hot solution with 20 c.c. of the 2 per cent solution of dimethyi- 
glyoxime in alcohol. The red precipitate is dissolved in nitric 
acid; reprecipitated as before; washed with dilute nitric acid 
water; and hnished by the ordinary titration with KCN and 
silver nitrate. The milligrams of metallic nickel so found are 
deducted from the total of Co and Ni found by the electrolysis 
plus any recovered by H 2 S, giving the cobalt by difference. If 
the operator wishes to guard against the presence of copper, H 2 S 
should be passed through the solution of the total cobalt plus 
nickel before adding the dimethyl. Any sulphides so precipi- 
tated are hltered ^ut; washed and titrated with KCN for copper 
as in steels. The filtrate and washings from the copper are 
evaporated low; oxidized with nitric acid; and then the nickel 
is obtained with the dimethyl, as described. If the operator 
wishes, the nickel can be gotten on a separate portion as described 
under the determination of nickel in metallic cobalt. 

The cylindrical cathode and disc anode of platinum are the 
most convenient form of electrodes for this work. One can use 
also a platinum dish for the cathode, suspending in the fluid in 
the dish any convenient form of platinum anode. 

Phosphorus, sulphur, and silicon can be determined in metallic 
cobalt as in plain carbon steels. In all of the samples that the 
author has analyzed, at least, very accurate results for sulphur 
were obtained by the ordinary evolution method. These results 
were checked by gravimetric results obtained by the same method 
as recommended for sulphur in tungsten powder by fusing with 
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a mixture of sodium carbonate and sodium peroxide. (Sec 
page 80.) The method given on page 122 should give accurate 
results. 

» 

Manganese in High Percen'tage Cobalt Steel and 
Metallic Cobalt 

Dissolve 0.100 and 0.05 gram of steel, cobalt powder, or ferro- 
cobalt in 20 c.c. of cone. HCd diluted with 10 c.c. water. Dilute 
to 50 c.c. and neutralize with ammonia. Redissolve the hydrox- 
ides in glacial acetic acid. Avoid much excess of acetic acid. 
Dilute to 100 c.c. with water and pass H 2 S in the cold to remove 
the main portion of the cobalt. Filter off cobalt sulphide, wash 
it fifty times with H 2 S water, eva|>orate filtrate and washings in a 
casserole to 20 c.c.; cool; add 1(K) c.c. cone, nitric acid; heat with 
cover on until all red fumes are gone; remove cover and evapo- 
rate to 25 c.c. Dilute to 50 c.c. with water and evaporate again 
to 25 c.c. Transfer to 10X1 inch test tubes and finish as in 
plain carbon steel. The bulk of the cobalt is removed only 
because it gives such a strong pink in nitric solution that tjie 
operator cannot get an end-point when titrating with arsenious 
acid as in steels. Steels containing 5 per cent Co do not interfere 
in this way, but if the percentage of Co runs much higher, the 
cobalt must be removed Ix^forc titration. 

Cobalt steels containing much chromium and tungsten should 
be dissolved in 20 c.c. of 1 : 3 H 2 SO 4 and oxfdized with 15 c.c. 
1 : 20 nitric acid; boi^ down to 10 c.c.; filter off tungsten; wash 
with dilute H 2 SO 4 ; neutralize with ammonia; acidulate with 
acetic acid and proceed as above. This removal of cobalt is 
only necessary in very high percentages, at least 10 per cent 
cobalt. 

ANALYSES OF METALLIC COBALT AND FERRO-COBALT 

Per Per per Per Per Per Per Per 

Cent Cent Cent Cent Cent Cent Cent Cent 

Co Ni Fe AI I 81 8 Mn P 


Bar cobalt . . 94 40 2 59 1 25 1 17 0 31 0 031 0.21 0.016 

Lump cobalt.. . 98.56 0.80 0 48 .... 0 30 0.017 0 20 0.017 

Powder 96.61 1 87 0 70 ... 0 26 0.157 0.26 0.012 

Cubes 97.56 2.10 0 35 . 0.08 0.022 0.08 0.022 

Ferro-cobalt 75.25 0 60 21 49 1.90 0 77 0.014 0.08 0.019 
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When neutralizing with ammonia, prior to adding the excess 
of acetic acid, do not completely precipitate ^he iron, etc., but 
just add enough ammonia to produce a slight permanent pre- 
cipitate. Then redissolve the latter in acetic acid as directed. 

Stellite. — Cobalt, Molybdenum, Iron, Manganese, Chromium. 

Dissolve 1 gram and 800 mgs. in 30 c.c. cone. HCl and 30 c.c. 
cone, nitric acid; evaporate to 20 c.c.; add 100 c.c. cone, nitric 
acid and evaporate to dryness, but do not ignite, as cobalt may 
become insoluble. Dissolve in 50 c.c. cone. HCl; evaporate to 
20 C.C.; transfer to 1000 c.c. boiling flask; and dilute to 200 c.c. 
Peroxidizc; add Na202 until black precipitate forms and tends to 
settle; add 10 grams more of peroxide and 10 grams Na 2 C 03 ; 
bring just to boil; continue to boil ten minutes; cool; filter on 
double 15 cm. papers and wash with peroxide water. 

Redissolve the black precipitate in 60 c.c. 1 : 1 HCl; and per- 
oxidize again as before and so on until filtrates are free of yellow 
color. Three peroxidations arc sufficient. Residue on filter is 
cobalt and iron. Dissolve ofT filter as before; filters are washed. 
Ash the filters and extract any remaining cobalt with 10 c.c. 
HCl and add to main cobalt and iron solution. Two basic 
acetate separations are made of this solution as in cobalt steel. 
Then finish filtrates by phosphate precipitation as in cobalt 
steels. The acetate of iron on the filter can be dissolved in 
HCl, reprecipitated and weighed; or titrated as in iron ore. 

Chromium is obtained as in chromium ore, except that the iron 
and cobalt arc filtered out and washed with sodium peroxide 
wash. Filtrate and washings are boiled for twenty minutes to 
remove H 2 O 2 and titrated with ferrous ammonium sulphate as in 
chrome ore. 

Molybdenum is gotten from a separate portion, dissolving 
in the same mixture as in cobalt steel. The molybdenum is 
then precipitated as in steel with H 2 S. 


ANALYSIS OF STELLITE 



Per Cent 

Cobalt 

60 80 

Molybdenum 

24.10 

Chromium 

13 20 

Manganese 

0.55 


Per Cent 


Iron 

0.52 

Silicon 

0.27 

Phosphorus 

0.02 
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Manganese is determined as in cobalt steel, removing most of 
the cobalt with H 2 S. 

Silicon is found by fuming with sulphuric acid, as in chrome 
steel. • 


Oxygen and Salts (Sodium Chloride, etc.) in 
Metallic Cobalt 

The oxygen is determined on the finely powdered sample as in 
tungsten (see page 81). 

Salts other than cobalt salts are determined by extracting the 
finely divided sample by boiling it in distilled water in a platinum 
dish until the decanted extract no longer leaves a residue on 
evaporation. The extract is decanted through a filter. The 
combined extracts are dried at 120° C. and weighed. The 
extract is then dissolved in water and a little HC'l, if necessary; 
made very faintly amrnoniaca! and saturated with H2S. Any 
precipitate so obtained is filtered out; washed with H 2 S water; 
ignited in a porcelain crucible; weighed; and deducted from the 
weight of the extract diied at 120° C. The following is an 
analysis of an allegcal c.p. imdallic cobalt powder; (' 0 , 95.45 p(^r 
cent; Si, 0.01 per cent; C, 0.25 per cent; chlorides, other than 
cobalt salts, 1.89 ptu' cent; (), 1.72 per cent. 



CHAPTER XV 
Part I 

THE DETERMINATION OF NITROGEN IN STEEL AND IRON 

A NUMBER of English and American chemists prefer to deter- 
mine the nitrogen in steel by dissolving it in 1:1 H(d. The 
nitrogen is supposed to exist in the steel as Fe 5 N 2 or Fe 4 N 2 and 
is converted into ammonia by evolved hydrogen. This ammonia 
then combines with the HCl to form ammonium chloride. This 
solution of iron chloride and ammonium chloride is poured into 
a flask of the style shown on page 332 but of 700 to 750 c.c. 
capacity. A double bored stopper is used in the flask. Through 
one hole is passed a long-stemmed separatory funnel whose tube 
just dips under the fluid in the flask when all of the solutions 
are in it. The other hole in the stopper is for a glass delivery 
tube, one end of which just passes through the stopper into the 
flask and the other end is connected with a glass condenser of 
the Liebig type. Before introducing the solution of the sample, 
12 grams of NaOH in 250 c.c. of water are put in the flask; the 
latter is connected with the condenser; and about half of the 
water is distilled off to remove any nitrogen that may be in 
the NaOH before the actual determination of that in the sample 
is begun. 

Having purified the NaOH from any nitrogen it may contain, 
as above, the 1 gram of sample, which has meanwhile been 
dissolved in 20 c.c. of 1:1 HCl is run slowly into the flask 
(which is first connected with the condenser) via the separatory 
funnel. When all of the solution of the steel is in the flask, 
it is given a whirling motion to mix thoroughly the HCl solution 
of the steel with the NaOH. The mixture is then brought to a 
boil, and the boiling is continued until the distillate which is 
received in Nessler tubes no longer gives the characteristic brown 
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color with Nessler solution.* The total distillate is then treated 
with 2 c.c. of the Nessler reagent per each 200 c.c. of distillate. 
The brown-colored solution so obtained is then matched against 
standard ammonium chloride which is made* by dissolving 0.0382 
gram of this salt in one liter volume of water. As •ammonium 
chloride contains 26.18 per cent of nitrogen, 0.0382x0.2618 equals 
0.010 gram of nitrogen, hence 1 c.c. of the above standard is 
equivalent to 0.00001 gram of nitrogen. 

The most convenient way to make this comparison is as fob 
lows: Suppose that 200 c.c. of the distillate were obtained. I’his 
would then be treated with 2 c.c. of the Nessler solution and well 
mixed in a Nessler tube or other convenient comparison tube. 
Then place 200 c.c. of water in a duplicate comparison tube 
together with 2 c.c. of the Nessler solution. Next drop from a 
burette, with constant mixing, into this Nessler solution and 
water, some of the standard ammonium chloride until the color 
of this mixture just matches that of the distillate. Supprre 
that the reading of the burette showed that it required an addi- 
tion of 35 c.c. of the ammonium chloride standard to produce in 
the imitation mixture a depth of color equal to that of the dis- 
tillate obtained from the steel; this gives the volume' of the test 
as 202 c.c. and that of the standard as 237 c.c. As 35 c.c. of the 
standard solution of ammonium chloride were required then the 
distillate must contain 0.00035 X 202-^237X1004-1 or 0.029 per 
cent nitrogen. A blank determination must be run including 
all of the chemicals and operations, and any nitrogen so obtained 
must be deducted from that iound in the steel. The accuracy 
of the manipulations can also be tested by putting a measured 
amount of the ammonium chloride standard solution through 
all of the operations, and any nitrogen found in excess of that 
added in the form of ammonium chloride should equal the blank 
determination. 

Ledebur prefers to determine nitrogen in iron or steel by dis- 
solving 10 grams of the sample in a flask similar to the one used 
in the foregoing method, using 120 c.c. of dilute sulphuric acid 
made by diluting 1 part of cone, sulphuric acid with 4 parts of 
water. When the sample is entirely dissolved, the flask A, 

* The reaction causing the brown coloration is explained by the following 
equation: 

2(2KI, HgI,)-fNH,-h3K0U = NHg2lH20-i 7KI-l-2H30. 
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Fig. 33, is connected to a duplicate flask E containing a little 
water. This second flask is in turn connected with a nitrogen 
bulb F approximating very closely to the Volhard nitrogen bulb. 
The Volhard bulb h&s a stopper through which the delivery tube 
from flask E passes. This delivery tube dips almost to the bottom 
of the nitrogen bulb in which* is placed exactly 25 c.c. of N/10 
sulphuric acid. One hundred c.c. of water containing 40 grams 
of NaOH are poured through the separatory funnel into the 
solution of the steel in A. The mixture of hydroxide of iron and 
NaOH is boiled gently and at the same time a stream of air is 
drawn through the entire apparatus. The boiling and drawing 
of air is continued for an hour. By this time all of the 
ammonium sulphate formed from the nitrogen in the steel is 
supposed to have been converted into ammonia by the action of 
the NaOH and been drawn over into the N/10 sulphuric acid 
in the nitrogen bulb. The contents of the latter are then 
titrated with N/10 NaOH with a few drops of methyl orange for 
an indicator. The number of c.c. of the N/10 sulphuric acid 
found by this titration to have been neutralized by the ammonia 
coming from the nitrogen in the steel, is multiplied by the 
factor 0.001401 to find the part of a gram of nitrogen that 
existed in the 10 grams of steel. This method is to be commended 
by reason of the fact that a large sample can be taken, and it is 
not dependent on the operator’s skill in matching colors. 

Calculations. — The factor 1 c.c. of N/10 sulphuric acid equals 
0.001401 gram of nitrogen is obtained as follows: Since 1 c.c. of 
N/10 sulphuric acid contains 0.0049038 gram of H2SO4, and this 
acid unites with ammonium hydroxide according to the equation 
H 2 SO 4 + 2 NH 4 OH = (NH4)2S04+2H20, wc have the proportion 
given below; 

H2SO4 : 2N : : 1 c.c. N/10 H2SO4 : X 
or 

98.08 : 28.02 : : 0.0049038 : X 
or 

X= 0.0014009 gram of nitrogen 

Suppose it is found by titration of the 25 c.c. of H 2 SO 4 , after 
the absorption of the ammonia formed from the nitrogen in the 
steel, that only 23 c.c. of the N/10 NaOH are required to dis- 
charge the pink color given to the 25 c.c. of the N/10 Haj304 by 
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the methyl orange. This would mean that 25 e.c. less 23 c.c. or 
2 c.c. of the N/10 sulphuric acid had Ix^en neutralized by the 
ammonium hydroxide coming from the nitrogen in the stoel and 
the blank. If there were no deduction for h blank then the i)er- 
centage of nitrogen found would be 0.001401X2X100 divided by 
10 or 0.028 pvY cent nitrogen. * 

Nessler Solution. — Thirty-fiv(^ grams of potassium iodide are 
dissolved in 200 c.c. of distilled water. To this K1 is added a 



saturated solution of mercuric chloride until a faint precipitate 
is obtained. Next add 160 grams of potassium hydroxide. Dilute 
to one liter and add more of the mercuric chloride solution until 
a small permanent precipitate of mercuric iodide forms and 
remains. This precipitate on settling should leave a pale yellow 
supernatant fluid which is supposed to become more sensitive 
with age. It gives a brownish yellow tint to small traces of 
ammonium or its salts in solution. If large quantities of ammo- 
nia W in solution the Nessler reagent produces a precipitate. 
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According to Braune when the nitrogen reaches 0.035 per cent 
in the high carbon steels it causes serious brittleness. 

It is very necessary in making nitrogen determinations to 
carry out the work iw a room free from all ammonia fumes. The 
work should be done in a place apart from the other laboratory 
work. In drawing air through ‘the train in the method described 
by Ledebur it would seem advisable to purify such air by passing 
it through a wash bottle containing some dilute sulphuric acid, 
before it enters the boiling flask. 

Apparatus of Ledebur for the Determination of 
Nitrogen in Steel 

In his Leitfaden fiir Eisenhiitten-Laboratorien, Ledebur uses 
the apparatus shown in Fig. 33. The steel is dissolved in A and 
the NaOH is introduced through B. The air is drawn through 
A and E, carrying the ammonia formed from the nitrogen in 
the steel through E over into the measured amount of N/10 
sulphuric acid in F where it is absorbed and determined as already 
described. 



CHAPTER XVI 


THE ANALYSIS OF GRAPHITE AND GRAPHITE CRUCIBLES 

The total carbon is determined by direct combustion in the 
electric furnace. The sample is reduced to sufficient fineness 
to pass through No. 11 bolting cloth. A hardened steel mortar 
is used v/ith a ball pestle. The chamber of the iportar is 3^ inches 
deep by Ij inches in diameter. The total thickness of the steel 
block is 4 inches. The pestle fits, exactly, the bottom of the 
mortar. The material is pounded into this opening by striking 
on the end of the pestle with a hammer. It is then taken out 
and ground in an agate mortar to loosen the mass which is sifted 
through the bolting cloth. The portion that does not pass the 
cloth is put back into the steel mortar and hammered again, and 
so on until the sample all passes through the cloth. 

0.200 to 0.300 gram of sample is used, and it burns completely 
in oxygen in the electric furnace. Forty-five minutes elapse 
from the time the sample is put in the furnace until the absorp- 
tion apparatus is detached for the final weighing of the carbon 
dioxide formed. The weight of the CO 2 multiplied by 27.27 
and divided by the weight taken for analysis yields the exact 
carbon in the sample. 


Volatile Matter 

One gram of sample is burned in a platinum crucible with a 
slow stream of oxygen passing in through a hole in the lid of the 
same. The lid is removed and the contents stirred with a nickel 
wire at intervals of about twenty minutes. The porcelain tube 
of a Rose crucible is used to conduct the oxygen through the 
hole in the platinum lid. When the contents of the crucible 
no longer lose weight the ignition is stopped. The total loss 
of weight less the weight of carbon by combustion equals the 
volatile matter other than carbon, such as water and sulphur. 

397 
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A direct determination of water can also be made by igniting 
the substance in a stream of air, dried by passing it through a 
jar of phosphoric anhydride such as is used in the carbon com- 
bustion train. (See Fig. 7 (J), page 265.) The sample is put 
in a clay boat and heated to redness in a porcelain or quartz 
combustion tube.* In the ouflct end of the tube is attached, 
by means of a rubber stopper and glass tube, an absorption jar 
or U-tube, see B, Fig. 1, page 85, containing phosphoric acid. 
The outlet of the absorption jar is guarded against the ingress 
of moisture by a calcium chloride tube closely filled with bits of 
stick caustic potash. The air is drawn through by a suction 
pump. At intervals of twenty minutes the heat is lowered, the 
passing of the air is stopped and the absorption jar is weighed. 
It is attached again, the heat raised to redness for another 
twenty minutes, and the weighing is again made as before, and 
so on until there is no more gain than is obtained by a blank 
test carried through in the same manner. The total increase 
in weight of the phosphoric anhydride less the blank is calculated 
to percentage as water. 

A blast lamp flame, or an electric muffle (see page 120), 
is used to expel the carbon, obtain the ignition loss, and the 
ash for analysis. The ash from the 1 gram taken for ignition 
loss is analyzed for its various constituents exactly as a clay. 
It is fused with a mixture of 10 grams of anhydrous carbonate 
of soda plus one gram of niter in a platinum crucible. The 
melt is dissolved ouV with water in a platinum dish, using heat 
to hasten the solution. The water extraction is transferred 
to a No. 6 porcelain dish. The dish is covered with a watch 
glass, and 1 : 3 sulphuric acid is allowed to flow down the under 
side of the lid until 125 c.c. in all have been slowly added. The 
acidulated fusion is stirred cautiously with a glass rod extending 
under the cover. The solution is heated until all effervescence is 
over. The under side of the cover is rinsed off, the washings 
flowing into the dish. The contents of the latter are then evap- 
orated to thick fumes of sulphuric anhydride ; cool ; add enough 
water to dissolve the sulphates, heating for about twenty minutes. 
Cool again. Add paper pulp. Filter and wash with 1 : 10 sul- 

The apparatus shown in Photo No. 1, page 83, or Fig. 1 on page 85, 
omitting the pyrogallic solution, and passing air or oxygen through the 
apparatus instead of hydrogen, can be used for this determination. 
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phuric acid. Wash sixty times, allowin^^ each washing to drain 
off before the next one is added. The residue on the filter is burned 
at lowest possible heat until pure white. Tj’he heat is then raised 
to blast for ten minutes. The (‘rucible is cooled in a desiccator 
and weighed. The contents are blasted again, or until no further 
loss occurs. A few drops of sulphuric acid arc added, the cru- 
cible is filled to about two-thipls its capacity with hydrofluoric 
acid and evaporation in a good draft to fumes of sulphuric acid 
follows. The sulphuric acid is driven off, the crucible is heated 
to bright red and weighed again. The loss of weight is the silica, 
which multiplied by 100 and divided by the weight taken yields 
the percentage of the latter oxide.* 

The filtrate from the silica is passed through the reductor 
(page 365) and titrated for iron with potassium p(^rmanganate to 
first pink that lasts for a few seconds. The iron is calculated to 
oxide. 

If alumina is also wanted, the filtrate from the silica is first 
precipitated in a No. 7 porcelain dish in about a 600 c.c. volume 
with the faintest possible excess of ammonia water which has 
been filtered free of any sediment or scales of glass. When the 
solution is faintly ammoniacal it is boiled, cooled, and ashless 
paper pulp added in sufficient (juantity to secure rapid filtration 
and washing. The aluminum and iron hydroxides are washed 
free from sulphates with ammonium nitrate water. The wash- 
ings are tested with fiarium chloride, an(b when no milkiness 
forms in the former on addition of the chloride, the precipitate 
is given ten more washings. The filter and precipitate are burned 
cautiously in a weighed platinum crucible after first drying out 
some of the excessive amount of water held by the pulp. The 
paper pulp is roasted out and the ash ignited to a constant weight 
with a blast lamp. The precipitate is calculated as alumina plus 
oxide of iron. All of the phosphorus present in the graphite will 
be counted as alumina unless it is dc.sircd to separate it. In that 
event the solution should be divided before the ammonia precip- 
itation is made. Pour it into a 500 c.c. flask. Dilute to the 500 
C.C; mark with water. Mix the contents thoroughly and pour 
enough of the latter into a 250 c.c. flask to fill it to the mark. 

* There may remain in the crucible, after the evaporation with HF and 
HjSOi, and the ignition, a little stain of iron which should be dissolved in a 
little HCl, evaporated to thick fumes with a few drops of H2SO4, and added 
to the filtrate from the silica before the reduction of the iron. 
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This gives two portions; one is reduced with zinc and titrated 
with permanganate for iron. The permanganate standard is 
made by dissolving p.727 gram of potassium permanganate in 
water and djluting it to 1000 c.c. One c.c. of this standard equals 
0.001284 gram of iron. In a burned pot the iron is calculated 
to ferric oxidf. Therefore the iron found in parts of a gram is 
multiplied by 10 and divided by 7 to obtain the amount of ferric 
oxide. It is necessary to make this calculation in all cases where 
alumina is asked for. In plumbago, or graphite, it is usually 
customary to calculate the iron to protoxide ^FeO). To obtain 
the amount of the latter, multiply the weight of metallic iron 
found by f . These weights of oxide are then reduced to percent- 
age in the usual way. 

Phosphorus and Alumina 

The other 250 c.c. portion of the divided sulphate filtrate ip 
precipitated with a faint excess of ammonia, washed, roasted, 
and blasted to constant weight as A^Os, Fe203, P3O5. The 
ferric oxide found in the 250 o.c. reduced with zinc is deducted 
from the total weight of the three oxides found in the second 
portion. This leaves AlaOa, P2O3. The phosphorus is obtained 
by fusing the oxides with twenty times their total weight of 
sodium carbonate plus their weight of potassium nitrate. The 
melt is dissolved ini a few c.c. of water, filtered into a 5-ounce 
beaker, washing the filter th<jroughly with ammonium nitrate 
water. The filtrate is aek^fated with 1.20 nitric acid, boiled with 
a slight excess of permanganate solution (see Phosphorus in 
Steel), and the phosphorus is finished as in steel. The phos- 
phorus obtained is calculated to the pentoxide (P2O6) as follows! 
For example, suppose 10 c.c. of the alkali standard were used, then 
10 X 0.0001X1.63 equals 0.00163, which multiplied by ff equals 
the phosphorus pentoxide to be deducted from the weight of 
AI2O3, P2O6. This leaves the alumina which came from the 0 500 
gram of sample. It is reduced to percentage by the usual calcu- 
lation. If phosphorus is not asked for, it is unnecessary to divide 
the sulphate filtrate from the silica. It can be precipitated with 
ammonia, filtered, washed, roasted, ignited, and weighed as 
AI2O3, Fe203, ignoring the presence of phosphorus, which is not 
likely to introduce a serious error. The total oxides are then fused 
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with 10 grams of sodium carbonate, the melt dissolved in excess 
of 1 : 3 sulphuric acid (about 85 c.c. of the acid) ; reduced with 
zinc and titrated with permanganate. The^iron is calculated to 
Fe 203 and deducted from AI 2 O 3 and Fe 203 to obtain alumina. 

• 

Limk and Magnesia 

If lime and magnesia are asked for, the ash from the graphite 
is fused as before, but is acidulated with an excess of hydrochloric 
acid instead of sulphuric acid. 

The silica is removed by evaporating twice to hard dryness 
and filtering between evaporations. It is washed with 1 : 10 
hydrochloric acid. The filtrate and washings are precipitated 
with a slight excess of ammonia that has been freed from carbon 
dioxide as follows: The ammonia water is put in a sulphur flask 
fitted with a No. 0 stopper through which passes a glass tube. 
This tube is connected by rubber tubing with a jar such as shown 
in Fig. 4, page 263, filled with short pieces of stick caustic potajsh. 
The connection is with the top of the jar. The ammonia water in 
the flask is heated by a Bunsen burner. This drives the con- 
centrated ammonia from the flask over into the jar of caustic 
potash, which removes the CO 2 . The purified ammonia passes 
out at the bottom, and thence via more rubl^er tubing it 
reaches the glass delivery tube, which dips into a reagent bottle 
containing distilled water that has been boil^^d for half an hour 
and cooled without stirring. The ammonia is passed into this 
bottle until the water in it smells strongly of ammonia. The 
carbon dioxide-free ammonia is used for all separations of iron 
from lime. 

The filtrate from the iron and alumina is concentrated to 300 
c.c. and made faintly ammoniacal. If the presence of man- 
ganese is suspected, a slight excess of bromine is added, and the 
solution is heated until the brown flakes of manganese separate. 
This is not done unless the carbonate and nitrate fusion of the 
original ash is noticeably green. 

The hot faintly alkaline filtrate is treated with 20 c.c. of sat- 
urated solution of ammonium oxalate to precipitate the calcium 
as oxalate. The latter is permitted to settle several hours. It 
is then filtered out and washed with hot water containing a little 
ammonium oxalate, until free of chlorine test with silver nitrate 
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solution.* The precipitate is roasted until white and blasted 
to constant weight. It is weighed as calcium oxide, f which is 
calculated, as such, to percentage. The filtrate from the lime 
is acidulated with H^"l, concentrated to a small volume; filtered; 
made slightly ammoniacal; cooled; 10 c.c. of saturated solution 
of microcosmic salt are added; and then the total volume is 
increased one-fourth with concentrated ammonia. After thorough 
stirring, the precipitate of ammonium magnesium phosphate is 
permitted to settle until the next day. It is filtered on a small 
filter and washed forty times with a mixture of one part of cone, 
ammonia and three jiarts of water. It is then burned at a low 
red heat until white, and weighed as magnesium pyro-phosphate, 
which contains 3G.21 per cent magnesium oxide. 

The filtrate and washings should be treated with more phos- 
phate solution, and, if an appreciable precipitate forms, it is 
collected, washed, ignited, weighed and added to the principal 
residue. 

Silicon Carbide 

When complete analyses of old pots that present a green- 
colored fracture are made, the analytical data will give evidence 
of the presence of silicon existing in the reduced state, that is, 
not e!itirely as oxide. If the silica, alumina, iron oxide and lime 
obtained are calculated as such and to their sum is added the total 
carbon as found by the red lead process, the percentages may 
reach the impossit/le total of 115.8 per cent in some instances. 
Such pots when broken present a greenish fracture. When the 
writer first encountered this difficulty he was somewhat puzzled. J 
Such material cannot be burned free of black or gray residue 
in a stream of oxygen. This is characteristic of silicon carbide. 
The combination will not yield its carbon in the electric furnace 
with oxygen alone. It decarbonizes readily if burned with red 
lead. For carbon 0.300 gram of green fracture pots is burned 
with 4 grams of red lead. The blank due to the red lead is deducted 
and the carbon percentage calculated as in pots free from silicon 

Acidulate the washings with a few drops of 1.20 nitric acid before 
testing for chlorine. 

t If the percentage of lime exceeds 0.5 per cent it is necessary to redis- 
solve the CaO in IlCl and reprecipitate it as before to insure a perfect sepa- 
ration of the magnesia. (See “The Complete Analysis of Limestone,” etc., 
Chapter XVIII. Part I.) 

See page 191, Ist Edition Special Steels, July, 1908. 
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with 10 grams of sodium carbonate, the melt dissolved in excess 
of 1 : 3 sulphuric acid (about 85 c.c. of the acid) ; reduced with 
zinc and titrated with permanganate. The^iron is calculated to 
Fe 203 and deducted from AI 2 O 3 and Fe 203 to obtain alumina. 

• 

Limk and Magnesia 

If lime and magnesia are asked for, the ash from the graphite 
is fused as before, but is acidulated with an excess of hydrochloric 
acid instead of sulphuric acid. 

The silica is removed by evaporating twice to hard dryness 
and filtering between evaporations. It is washed with 1 : 10 
hydrochloric acid. The filtrate and washings are precipitated 
with a slight excess of ammonia that has been freed from carbon 
dioxide as follows: The ammonia water is put in a sulphur flask 
fitted with a No. 0 stopper through which passes a glass tube. 
This tube is connected by rubber tubing with a jar such as shown 
in Fig. 4, page 263, filled with short pieces of stick caustic potajsh. 
The connection is with the top of the jar. The ammonia water in 
the flask is heated by a Bunsen burner. This drives the con- 
centrated ammonia from the flask over into the jar of caustic 
potash, which removes the CO 2 . The purified ammonia passes 
out at the bottom, and thence via more rubl^er tubing it 
reaches the glass delivery tube, which dips into a reagent bottle 
containing distilled water that has been boil^^d for half an hour 
and cooled without stirring. The ammonia is passed into this 
bottle until the water in it smells strongly of ammonia. The 
carbon dioxide-free ammonia is used for all separations of iron 
from lime. 

The filtrate from the iron and alumina is concentrated to 300 
c.c. and made faintly ammoniacal. If the presence of man- 
ganese is suspected, a slight excess of bromine is added, and the 
solution is heated until the brown flakes of manganese separate. 
This is not done unless the carbonate and nitrate fusion of the 
original ash is noticeably green. 

The hot faintly alkaline filtrate is treated with 20 c.c. of sat- 
urated solution of ammonium oxalate to precipitate the calcium 
as oxalate. The latter is permitted to settle several hours. It 
is then filtered out and washed with hot water containing a little 
ammonium oxalate, until free of chlorine test with silver nitrate 
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Free Silica. — This gives on a 1 gram basis 159.6 milligrams 
excess, which is assumed to be oxygen. This is equivalent to 
30.07 centigrams of, silica: 


Si-|"02 = Si02. 

O 2 * Si02 : : O 2 : Si02. 

32 : 60.3 : : 159.6 : x. 

a: =30.07 centigrams Si02 

to be deducted from the total silica, or 50.6—30.07 = 20.53, or 
20.53 per cent free silica in the pot. 

Silicon Carbide. — Silica is reduced to silicon by the factor 
0.4693, therefore the 30.07 centigrams of silica correspond to 
30.07X0.4693 = 14.11, or 14.11 percent silicon. This is equiva- 
lent to 20.09 centigrams of silicon carbide. 


Si 4-0 = 810. 

Si : SiO : : Si : SiO. 

28.3 : 40.3 : : 14.11 : x. 
a: = 20.09 or 20.09, SiO in the pot. 

Free Carbon. — The 20.09 centigrams of silicon carbide corre- 
spond to 5.98 centigrams of carbon to be deducted from the 
total carbon found: 

0 4- Si = SiO. 

0 : SiO : : 0 : SiO. 

12:40.3: : a: : 20.09. 

a; = 5.98, or 44.90—5.98 = 38.92, or per cent of free carbon in the pot. 
RESULTS 


Excess of Oyxgen Calculated to Silicon 
Carbide 

Excess of O.xygcn Calculated to Silicon. 

Per Cent 

Per Cent 

38 92 carbon (free) 

44 90 total carbon 

20 09 silicon carbide 

14 11 silicon 

4.37 proto.xide of iron 

4 37 iron oxide 

15 11 alumina 

15 11 alumina 

0.98 lime 

0 98 lime 

20 53 silica 

10.53 silica 

100 00 

100.00 
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Sulphur in Pots and Graphites 

Fuse 1 gram of sample with a mixture of IJD grams of sodium 
carbonate ground intimately with 10 grams of potassium nitrate. 
Such a mixture must be heated cautii)usly as it will flash if heated 
too quickly. When the first action is over, heat until the fusion 
is completely molten and keep it so with the least possible heat 
for a half hour.* Cool; dissolve the melt with water; acidulate 
with hydrochloric acid in a 600 c.c. casserole. Heat with cover 
on until all effervescence is over, rinsing same; evaporate to 
dryness and finish as sulphur in ferro-silicon, page 48, of high 
silicon content. If such a fusion is heated too hot it will boil out 
of the crucible. 

Standardization of Permanganate for Iron . — Weigh into a 
small flask 0.062 gram of oxali(! acid c.p. Put into this flask 50 
c.c. distilled water and 20 c.c. 1 : 8 sulphuric a(*i(l. Warm the 
solution until the crystals are di.ssolved and titrate it lu4, Do 
not let the solution boil. It will usually require 43.1 c.c of this 
permanganate to change the oxalic acid solution to a slight pink. 
Deduct 0.2 c.c. blank. Therefore 0.062 divided by 42.9X8 -f 9 
= 0.001284, or 1 c.c. of the permanganate solution equals 0.001284 
gram of iron. The value of any permanganate solution in terms 
of oxalic is multiplied by I to obtain its iron value. 

For a check, weigh 0.065 gram of oxalic acid. This will 
require 45.2 c.c. to render it pink. Therefore 5,0.065 divided by 
45.0X8-^9 = 0.001283, or 1 c.c. standard solution equals 0.001283 
gram of iron. 

0.727 gram of KMn 04 is dissolved in 1 liter of water for the 
above standard. 

The Determination of Alkalies in Graphite 

The percentage of Na20 and K 2 O sometimes has an important 
bearing on the refractory properties of plumbago. To determine 
the percentage of alkalies, the graphite is burned away at the 
lowest possible heat, using oxygen. The carbon-free ash is then 
analyzed for the content of Na 20 and K 2 O as described under the 
Complete Analysis of Clays. (See pages 411-412.) 

* With the present high price of platinum it would be advisable to deter- 
mine the sulphur as in coke. (See page 47G.) 
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TYPES OF PLUMBAGO (High Grade) 


i 

Pefr 

Cent 

Carbon 

Prr 

Cent 

Ignition 

Water 

and 

Sulphur 

Per 

Cent 

SiOj 

c 

Per 
Cent 
AI2O3 i 

Per 

Cent 

FejOj 

Per 
Cent 
CaO 1 

Per 

Cent 

MgO. 

Total. 

American flake . . . 

90 99 

1 41 

3 74 

2 37 

0 95 

0 40 

Trace 

99 86 

American flake . 

85 35 

1 37 

7.52 

3 55 i 

1 69 

0 20 

Trace 

99 68 

Alabama 

88 25 

1 33 

4.44 

3 35 i 

1 25 

0 62 

0 48 

99 72 

Ceylon 

91 41 

1 49 

4 04 

0 31 

1 15 

0 10 

Trace 

98 50 

Madagascar flake. 

90 30 

1 40 

3.72 

2 41 

1 27 

0 10 

0 18 

99 38 

Korean graphite. 

89 86 

0 76 

3.60 

1 89 

2 51 

0 16 

0 68 

99 46 

Ceylon 

89.88 

1 10 

4.62 

2 70 i 

1 02 

Trace 

Trace 

99 32 

Ceylon 

89.34 

1 18 

4.44 

! 3 55 

1 

0 59 1 

1 

0.10 

1 

0 07 

99 27 


Alkalies or Mica in Graphites 

When graphites arc burned off in oxygen an examination of the 
ash often shows the latter to be a mass of more or less shining 
flakes of mica. The author determines the alkalies as descrilxid, 
and calculates the result to potash mica, Muscovite, using the 
formula given by Dana, H 2 KAl 3 (Si 04)3 or what is the same, 
2 H 2 O, K 2 O, 3 Al 203 ‘ 6 Si 02 , i.e., Si02, 45.2%; AI2O3, 38.5%; K 2 O, 
11.8% and H 2 O, 4.5%. Hence by dividing the alkali per- 
centage by 0 118, the percentage of mica is obtained assuming, 
of course, that it<^xists as potash mica, which assumption answers 
all purposes as either potash mica or sodium mica are bad, being 
very active fluxes. The following table will show what may be 
expected in the way of mica in natural graphites . 


(1) Flake Town Flake (U. S.), 

(2) Crucible Flake 81631 . . . 

(3) Flake Graphite 4765. . . . 

(4) Ceylon Graphite 

(5) Ceylon Graphite 

(6) Q Graphite 

(7) Clay County (U. S.) 


0 36 K20=3.05 Muscovite 
none none 

0.208 K20 = 1 76 Muscovite 
0 225 K20 = 1 90 Muscovite 
0 104 K20 = 0 88 Muscovite 
0.340 K 20 = 2.88 Muscovite 
0.322 K20 = 2.73 Muscovite 



CHAPTER XVI 


Part II 

THE COMPLETE ANALYSIS OF CLAY 

Ignition Loss. — Iloat 1 grain of tho firu'ly powdered sample 
cautiously to redness and then gradually increase the heat until 
the crucible has reached the full heat of a large sharp flame of a 
Chaddock or M^ker or similar burner. Continue this heating, 
weighing at ten-minute intervals, until the sample no longer loses 
weight. 


Silica 

Mix 1 gram of the finely ground clay with intimate mixture of 
10 grams of sodium carl)onate and ] gram of potassium nitrate 
in a platinum crucible. Heat slowly at first and then apply 
sufficient heat to bring the clay to a (piiet state of fusion. Dis- 
solve out the fusion in water in a platinum dish. Transfer the 
contents of the dish to a large porcelain dish pr casserole; add 
100 c.c. of cone. HCl, keeping the dish covered with a watch glass 
as much as possible to prevent loss by spraying. Add the acid 
very slowly, stirring with a glass rod under the lid to mix the acid 
as well as practicable to prevent a sudden boiling over. Heat 
with the lid on until all effervescence ceases; then remove the lid, 
rinse off its under surface, into the dish and evaporate to dryness on 
a graphite bath. Cool; add 50 c.c. of cone. HCl; heat a while; 
then add 100 c.c. of distilled water; heat and stir until all salts 
are dissolved; mix in the dish a lump of paper pulp from ashless 
filter papers; filter through a double 11 cm. filter paper; wash 
out the iron, etc., with 1 : 10 HCl until no iron test can be obtained 
in the washings; this generally requires at least fifty washings. 
Evaporate the filtrate and washings to dryness; dissolve; filter 
and wash as before to get the last traces of silica. Smoke off grad- 
ually the two sets of filter papers in a 30 c.c. platinum crucible 
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408 


THE COMPLETE ANALYSIS OF CLAY 


until white; do not rush this part of the ignition. When the resi- 
due is white, then raise the heat to the full temperature of the 
blast lamp; ignite to a constant weight. Then add to the crucible 
a half crucible full of hydrofluoric acid and a few drops of cone. 
H 2 SO 4 . Evaporate in a good draught to dryness (see page 438), 
and finish for silica as described on pages 47^8. The residue 
in the crucible after the evaporation with HF and weighing of 
the same is fused with 5 grams of Na 2 C 03 , the melt is cooled and 
crucible and all is placed in the main acid filtrate from the silica 
which has meanwhile been evaporating in a GOO c.c. beaker on the 
graphite bath to 200 c.c. 

When the contents of the crucible have all dissolved out, it is 
removed, and all of its surfaces carefully rinsed off in to the main 
filtrate. This main filtrate which should be now of 200 c.c. 
volume is made very faintly but distinctly amrnoniacal and heated 
to just boiling for ten minutes. The precipitate, which consists 
mainly of hydrates of iron and aluminum, may contain notable 
amounts of phosphorus, titanium, and zirconium. 

The ammonia precipitate is filtered hot onto a double 15 cm. 
ashless filter paper but before the filtration the precipitate is mixed 
with enough finely divided ashless paper pulp so that the mix- 
ture of precipitate and pulp will occupy three-fourths of the filter. 
Wash with a solution of 1 gram of ammonium nitrate dissolved in 
100 c.c. of water until free of chlorine test. Redissolve the precipi- 
tate in 50 c.c. of 1 : 1 H(d. The best way to do this is to remove 
most of the precipitate from the paper. Pour the hot HCl through 
the bare paper several times; then stir the bulk of the precipitate 
into this same hot acid; and then pour all on the filter and wash the 
same free of chlorides. This filter and pulp must be saved and 
burned off as part of the iron and alumina, etc., as nearly always 
some alumina remains undissolved. Reprecipitate the filtrate 
and washings containing the AI, Ti, Zr, etc., hot with a slight excess 
of ammonia as before; filter, wash and smoke off in a platinum 
crucible together with the first paper and pulp; blast to a con- 
stant weight and weigh as oxide of iron, alumina, titanium, phos- 
phorus, and zirconium. Fuse the mixed oxides with 15 grams of 
potassium bisulphate, heating very cautiously below redness 
until white fumes begin to come off and then raise the heat slowly 
to bright red until all is in clear solution or no further change takes 
place in the molten mass. 



DETERMINATION OF LIME AND MAGNESIA IN CLAY 409 


When the bisulphate fusion is cool, place crucible and all in a 
400 c.c. beaker with 25 c.c. of 1 : 3 H2SO4 and 75 c.c. of water and 
heat until all is dissolved. Remove the* crucible, rinsing it off 
into the solution. Evaporate the solution and pour it into a volu- 
metric flask and dilute to the 200 c.c. mark. Mix well -and divide 
into two equal parts. Pass one fihrt through the reductor at a 
speed of 100 c.c. per ten minutes and titrate for metallic iron with 
permanganate. The iron so obtained is calculat<'d to ferric; oxide 
multiplied by 2 and deducted from the total oxides. The remainder 
is usually calculated as alumina. If it is desired to report the tita- 
nium, phosphorus and zirconium it is necessary to fuse the ignited 
oxides, after the final blasting and weighing, in .sodium carbonate. 
Dissolve the melt in 11(3; divide in two parts. Convert one 
part in sulphate by evaporating to thick fumes; redissolve in 
25 c.c. 1 : 3 H2SO4 and 50 c.c. of water and pass through the 
reductor for the iron. The phosphorus in the other half is gotten 
out with the iron by ammonia; convert(»d to nitrates and pre- 
cipitated with molybdate solution. This can be calculated to 
P2O5 (see page 400) and deducted. This leaves the oxides of 
aluminum, titanium, and zirconium. These can he determined 
by a .separate analysis, using the rnethcKl given for the Analysis 
of Crude Zirconia (sec page 202). The usual practice is to deduct 
the iron oxide from the total oxides and call the remainder 
alumina. 


Lime and Magnesia 

The filtrates from the two ammonia precipitations of the total 
oxides, page 408, which have been meanwhile evaporating in a 
6(X) c.c. beaker arc taken to 300 c.c. in slightly acid condition, 
having been made acid before beginning the evaporation by adding 
HCl. The lime is precipitated after making the solution again 
slightly ammoniacal, by adding to the hot liquid 40 c.c. of a 
saturated solution of ammonium oxalate. The lime is let stand 
overnight. Filter out; wash with a mixture of 10 c.c. of the oxa- 
late and 500 c.c. and a few drops of ammonia until free of chlorides. 

The filtrate and washings from the calcium oxalate are caught 
in a liter beaker. Add 30 c.c. of a saturated solution of sodium 
ammonium phosphate to the contents of the beaker and 150 c.c. 
•of cone, ammonia and dilute with water to 900 c.c. and let stand 
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overnight to secure the complete precipitation of the ammonium 
magnesium phosphate. Filter out the magnesium salt on a double 
9 cm. ashless filter paper; wash it with a mixture of 50 c.c. of 
cone, ammonia, 5 j^rams of ammonium nitrate, and 500 c.c. of 
water until the magnesium phosphate tests free of chlorides, when 
the washings arc acidulated vhth nitric acid, and a few drops of 
silver nitrate solution are added. 

Ignite the washed phosphate at the lowest redness, after first 
smoking off the filter paper until it is white. This operation 
cannot be hurried. The weight so obtained is calculated to MgO 
by the factor 0.3621. 

Should the lime amount to more than a per cent or two, the 
oxalate precipitate should be redissolved in HCl and the solution 
made slightly alkaline with ammonia and the lime again precip- 
itated with oxalate to insure that it is free of magnesia. This 
should also be done on a new sample if the magnesia be found to be 
very high, in excess of 2 or 3 per cent, as lime will most likely 
contain magnesia although the lime be found to be low. Some of 
the supposed lime may be magnesium oxalate. 

In case the calcium oxalate is redissolved and reprecipitated 
to free it from magnesia, the filtrates and washings from the two 
precipitations of the oxalate of lime arc combined and concen- 
trated if necessary and the magnesia is then precipitated as 
already described. 

Complete blanks should be run on all chemicals and filter papers 
and deducted frorA all of the elements found. When a carefully 
conducted analysis fails to account for 100 per cent, the total of 
the oxides found can be deducted from 100 per cent and the 
remainder can be reported as ‘‘alkalies by difference” or 
determined by the method given. 

The sulphur can be determined with sufficient accuracy on 
most clays by the author’s method of ignition in a hot tube in 
a current of hydrogen carrying hydrochloric acid (see page 122). 
However, for an absolute method the fusion in a mixture of sodium 
carbonate and niter, or a mixture of sodium carbonate and sodium 
peroxide as given for coke on page 476 should be used as a 
check. 



DETERMINATION OF ALKALIES IN CL.VYS 


411 


Determination of Alkalies in Clays 

Removal of Silica. — Wcipjh 1 gram safnplc into a platinum dish, 
100 c.c. capacity, cover with platinum lid? Add 10 c.c. hydro- 
fluoric acid, heat moderately for one to two minutes; then add 
about 2 c.c. HNO3 (1.42 sp. gr.). Heat five minutes longer, 
remove lid and rinse with distilled water, then add 5 c.c. H2SO4 
(1.84 sp. gr.), take to heavy fumes of SOa on stove. I^et cool, 
add 25 c.c. HCl (1:1); heat for two or three minutes, dilute to 
75 c.c. with distilled water, and heat until salts arc in solution. 

Removal of Iron and Alumina. -4’ransfer contents of dish to 
a 500 c.c. beaker; dilute to 300 c.c. with distilled water, make 
slightly ammoniacal with 1 : 1 ammonia; let boil two minutes, 
filter on double 15 cfn. filter papers, catching filtrate in a 600 
c.c. beaker. Wash twenty-five times with 1 per cent ammo- 
nium nitrate solution. Discard the precipitate, add a few 
drops of ammonia to the filtrate until it is distinctly, but not 
strongly ammoniacal, then add 20 c.c. of a saturated solution of 
ammonium oxalate and let stand several hours, preferably over- 
night. Filter through double 11 cm. papers catching filtrate in 
a 600 c.c. beaker, wash twenty times with ammonium oxalate 
wash (10 sat. sol. of ammonium oxalate 5 drops 1 : 1 ammonia, 
and 500 c.c. distilled water); discard precipitate. 

Correction for Magnesia. — Mix filtrate well, then divide 
exactly in half. Designate one portion (A), the other (B). 
Transfer one portion (A) to an 800 c.c. beS-ker, add 20 c.c. sat- 
urated solution of sodium ammonia phosphate. Dilute to 400 c.c. 
with distilled water, add 100 c.c. ammonia (0.90 sp. gr.) stir and 
let stand overnight. Filter through double 11 cm. papers, wash 
free of chloride with the following wash; 5 grams ammonium 
nitrate, 50 c.c. ammonia (0.90 sp. gr.) diluted to 500 c.c. with 
water. Burn off in platinum, weigh Mg2P207, deduct blank and 
calculate to MgS04 by the factor 1.081. 

Sulphates of the Alkali Plus Sulphate of Mg.—- Make (B) 
just acid with H2SO4 (1 : 3), then add 4 c.c. in excess. Clean and 
weigh the original platinum dish, without lid, transfer solution 
(B) to the dish and take to dryness on stove, over moderate heat 
to avoid spitting. Expel ammonia salts by heating at 500° C. in a 
muffle furnace until white fumes are no longer given off. If 
salts are highly colored add 30 c.c. distilled water to the platinum 
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dish, heat moderately until alkali sulphates are in solution, filter 
through 9 cm. filter papers, wash twenty times with distilled 
water. Clean, dry, and Weigh the platinum dish, transfer filtrate 
to the dish and evapcA’ate to dryne.ss over moderate heat. When 
dry heat at 500° C. for five minutes, let cool in desiccator, weigh 
as Na 2 S 04 -hK 2 S 04 -l-MgS 04 . fteduct MgS 04 obtained from (A). 
Difference equals total alkalies as sulphates. 

For general purposes, the combined sulphates of sodium and 
potassium may be considered as Na 2 S 04 , which is multiplied by 2, 
and calculated to Na20. If both soda and potash are wanted, 
the following procedure is recommended: 

Separation of K2SO4 from Na2S04. — Dissolve sulphate con- 
tents of dish in the smallest possible quantity of distilled water, 
heat moderately for one or two minutes then transfer to a lUO c.c. 
beaker, add an excess of chloroplatinic acid, i.e., until precipitate 
settles out well or solution l^ecomes yellow. Evaporate until 
solution solidifies on cooling. Add 10 c.c. of 80 per cent alcohol, 
stir well, let settle, then decant the supernatant liquid through 
a 5 cm. filter paper; avoid bringing precipitate on filter. Wash 
five times by decantation, using the .same strength alcohol. After 
the final decanting, rinse contents of beaker into weighed porcelain 
crucible (40 c.c. capacity) with a fine jet of hot water. Wash 
the filter several times with a small amount of hot water, catching 
filtrate in the same crucible. 

Evaporate to dryness at 100° C., cover, with a watch glass, 
then dry for one-half'hour at 120° C. in an air bath. Let cool in a 
desiccator, remove cover, weigh as K 2 PtCl(i. Deduct blanks 
for reagents, etc., from the gain in weight of crucible and calculate 
to the remainder K 2 SO 4 . Deduct the weight of the K 2 SO 4 from 
the combined sulphates of sodium and potassium; thus giving 
sodium sulphate by difference. Calculate percentage of K 2 O and 
Na 20 on a basis of one-half the original weight taken for analysis. 

KaPtQeX . 35846 = K2S04, 

Mg 2 P 207 X 1.0811 =MgS04, 

MgS04X .3349 =MgO, 

K 2 SO 4 X .5406 =K20, 

Na2S04X .4364 =Na20. 

For a standard, c.p. sodium chloride and potassium nitrate 
should be put through all operations simultaneously with the 
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tests. Any excess is deducted as a blank for each element 
determined. 


CLAYS HIGH IN ALKALIES AND NOT GOOD FOR REFRACTORIES 


• 

No 1 

No 2 

No 

Ignition 

8 72 

5 72 

6 18 

Silica 

62 92 

71 43 

65 20 

Alumina 

22 95 

17 78 

20 38 

Iron oxide 

3 01 

2 15 

2 84 

Lime . . ... 

0 36 

0 24 

0 38 

Magnesia .... .... 

0 36 

0 41 

0 61 

Alkali (NajO) 

1 99 

1 97 

4 04 


100 31 

99 70 

99 63 

Sulphur 

0 210 

0 088 

0 057 


ANALYSES OF CLAYS OF GOOD REFRACTORY PROPERTIES 



Silica. 

Iron 

Oxide 

.\lu- 1 

inina 

Lmie 

Mhk- 

nesia 

Ikiii- 

tion 

Sul- 

phur 

Total. 

H. W 

54 98 

3 31 

28 03 

0 66 

0 55 

11 .38 

0 11 

99 02 

Oak 

52 60 

4 12 

27 .54 

0 82 

0 91 

13 74 

0 190 

99 92 

Southern .... 

53.80 

3 07 

27 97 

0 44 

0 54 

1 12 .58' 0 044 

98 44 

M-N 

47 80 

2 87 

35 95 

0 30 

Trace 

13 26 

j 0 025 

100 20 

U. S. A 

53 12 

2 63 

29 41 

0 64 

0.54 

12 90 

‘ 

0 021 

99 26 



CHAPTER XVII 
Part I 

THE ANNEALING OF STEEL 

Annealing Temperatures. — First. Cast steol of all kinds that 
has never been reheated should be first brought to a temperature of 
C., and held there for one hour. The heat should then 
be lowered as quickly as possible to 700° to 720° C. and held at 
that temperature for ten to twelve hours. The pipes can then 
be drawn and the steel can be cooled as quickly as desired. The 
fact is, that if the steel is once perfectly annealed, it can be with- 
drawn from the furnace, thrown into water and it will be as soft 
as ever. The author took two pieces of steel from the same saw 
plate and annealed them, one lying on top of the other, until he 
knew both were perfectly annealed. He then withdrew the 
pieces from the furnace. One was thrown directly from the 
annealing furnace into a bucket of cold water while still at the 
annealing heat. The companion piece was cooled in the air. 
Both pieces were then pulled in the testing machine and registered 
identically as to tensile strength and elongation, etc. Steel once 
perfectly annealed can only have its softness impaired by heating 
above the annealing range. Rapid cooling of perfectly annealed 
steel has no effect whatever on its softness. 

However, if the annealer has lowered the heat before the steel 
has been entirely annealed, or in other words has not held it long 
enough within the range of temperature where that particular 
steel anneals most quickly, he stands a better chance of getting 
his steel eventually soft enough for the purpose intended by bury- 
ing it in ashes or lime. He thus, in reality, holds it longer within 
the range of temperature where steel anneals slowly. That is, 
the steel passes more slowly through the range of slow annealing, 
being the temperatures below 720° C., than if it had not been sur- 
rounded by more or less non-heat conducting substances. 

414 
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Second. The author has found that plain carbon steels, no 
matter whether the carbon be 0.50 ppr cent or 1.40 per cent, 
anneal best and most quickly between 700° and 720'' C. 

This is also true of most chromc-tunj^sten and chrome-molyb- 
denum steels. It is parti(Hilarly noticeable in high-speed steels, 
for if one wishes to drill a high-speed te.st he can render it soft 
enough by annealing it for one-half hour at 720°, whereas it will 
lequire two to three times that length of time to accomplish the 
same softening at lower ranges. 

Third. On the other hand, high manganese and high nickel 
content lower the annealing heat. Sc'ven per cent nickel steel 
anneals to the perfectly annealed state of the carbon at 520° to 
550° C.* Again, the author has succeodc'd in softening Hadfeld’s 
manganese steel previous to 1908 so that it could be drilled 
without dulling a high-speed tool at a temperature of 520° to 
550°. The specimen of this steel that the author first experi- 
mented with was of Uie following analysis: 


Ppr Pont 

Carbon . ... ...1.40 

Manganese ... 13 42 

Silicon 0 043 

Phosphorus . 0 047 

Sulphur . . .... . .0 030 


Plates of this steel, before annealing, could not be drilled 
even with a high-speed drill. After twenty>four hours’ annealing 
a plate was drilled without sharpening the bit and the latter drilled 
the plate without ‘‘ screeching.” In faert, four holes were made in 
such a plate without resharpening. These plates were then 
taken to the planer and machined easily, but they presented 
the peculiar property of being very brittle. The condition of the 
carbon by the acid annealing test showed that the carbon had 
attained almost entirely to the perfectly annealed state. 

Fourth. Steel that has been reheated and rolled or ham- 
mered need not necessarily be heated above 720° C.f However, if 
the furnace is heated to 850°, for example, and a lot of steel is 

* Read remarks given on page 422 on the annealing temperatures of 
different alloy steels. 

t The author has been able to get better anneals on many forged chrome- 
tungsten steels by first heating the same through for an hour or so at 850’’ 
to 900'’ C. and then holding at 720“ C. 
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charged into it, it can be brought to 720° more quickly. The 
large body of cold steel will absorb its surplus heat. 

Overheated Steel. — If steel ingots are allowed to lie in soaking 
pits or reheating furnaces at temperatures approximating welding 
heats for considerable time, thq annealer’s task will be greatly 
complicated, as such steel is much harder to bring into the annealed 
state.* Bad cases of overheating or prolonged soaking at high 
heats will require two or three times as long to anneal at the 
regular temperature. There seems to be nothing to do in such 
cases but to re-anneal until the carbon is finally brought again 
into the perfectly annealed condition. 

Fifth. Some steels in the original unforged casting that 
are of the usual high-speed analysis except that the chromium is 
in excess of 5 per cent and the carbon is 0.00 to 1.20, require unusu- 
ally long periods of annealing to render them drillable. The 
annealing temperature for such steels is below 700° C. 

Sixth. Steel that has been heated to 800° to 850° C. and 
quenched quickly in water or oil will attain the perfectly annealed 
condition within thirty minutes to one hour’s time at a temper- 
ature between 620° and 690° C., whether the carbon be 0.50 or 
0.90 per cent, that is, a quenched steel anneals at a lower tem- 
perature than when unquenched, and in less time. 

Formation of Graphitic Carbon and Black Fracture.— On 
three different occasions the author was called upon to investigate 
the temperature most favorable to the formation of graphitic 
carbon, or in other words, to ascertain the real cause of its pres- 
ence. As a result of extended experimental annealing of cold 
rolled steel he has come to assign the cause largely to annealing 
only, within a range of temperature that causes the carbon to 
assume the uncombined state. 

As mentioned, on three different occasions, three different 
lots of cold rolled steel, coming from different steel works, were 
subjected to prolonged annealings, and the progress of the for- 
mation of the graphitic carbon was noted. 

In two lots, the cold rolled steel was free from even traces of 
the graphite at the beginning of the anneals. Anneals were 
continued in some instances for 100 hours, but most periods did not 
aggregate over forty hours. Anneals were interrupted at eight- 

By reason of the very coarsely crystalline structure formed by the 
excessive heat. 
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to twelve-hour intervals to make annealing and graphite tests. 
Further, a 1 .30 narbon tool steel ingot was put in a lathe and turned 
down until there was nothing left of it bpt a |-inch rod. By 
prolonged annealing between the range of 660° to. 700° black 
fracture was produced. This was raw cast steel that had never 
been hammered or rolled or forged in any way. The conclusions 
are as follows: 

First. The higher percentages of carbon yield the black 
fracture most quickly, the range from 1.20 per cent carbon and 
above being the most favorable. Percentages under 1.00 per 
cent carbon are perhaps free from appreciable amounts of graphitic 
carbon, at least under any conditions likely to be met with in 
practice. 

Second. The temperature most favorable to the quick forma- 
tion of graphite lies between 660° and 700° C. 

Third. The least favorable temperature for its formation, 
within the annealing and cold rolling range, is below 600°. The 
other extreme of temperature, 720° C., is also less favorable to 
its formation, but scaling goes on so fast as to give undesirable 
finish. 

Also the naturally dark, dense color of the cold-rolled steel 
grain intensifies the blackness of the graphitic fracture, giving to it 
an even texture, making it far more apparent in the earlier stages 
of graphite formation. Graphite formation in an unwoiked cast- 
ing is not nearly so noticeable, although it lyay have progressed 
far. The precipitation seems to take place more in spots. The 
working of steel during or before graphite growth gives it an intense 
black clothlike appearance in the fracture. 

Fourth. The reason that black fracture is associated with 
cold rolling is that during this process the steel is worked and 
repeatedly reheated within the range of temperature where 
graphite forms rapidly. The steel has really had a series of 
anneals between 660° and 700° C. 

Fifth. The longer the anneal is continued at any annealing 
temperature, the more graphite will be formed. 

Prior to cold rolling, that is, when the steel gets its very first 
anneal for softening purposes only, hold it at 700° to 720° C. 
Keep it as near the highest annealing heat as possible, as by so 
doing a quick anneal is obtained without formation of graphite. 

But when reheatings occur during cold rolling do this reheating 
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at the lowest heat practicable, for around 580° to 600® C. graphite 
does not form as fast as at 660° to 700®, nor does scale. Lei the 
periods of annealing and reheating be as short as possible. 

Sixth. By heating steel to 950° to 1000® C. for one or two hours, 
then turning down the gas so J,hat the steel cools in the furnace 
to 660° to 700®, and continuing to anneal at the latter temperature 
for a given length of time, graphite can be eventually formed in 
steel with carbon as low as 1.04 per cent. Therefore steel that is 
to be cold rolled should not be allowed to remain long in soaking 
pits or heating furnaces at high temperatures. 

Steel containing chromium is not likely to contain graphite 
even with carbon as high as 1.27 per cent and chromium as low 
as 0.6 per cent. The author succeeded in starting a graphitic 
formation in such a steel only by heating it to 900° to 1000® C., 
for an hour or two before annealing at 660° to 700® C. In neither 
this instance nor in the case of the 1.04 carbon plain steel did 
there seem to be any appreciable tendency for a gradual growth 
of the graphite due to prolonged annealing only, even after the 
eleventh trial, making considerably over 100 hours' anneal. 
Perhaps if these samples had been again heated to 1000° before 
each of the eleven anneals, an appreciable growth of graphite 
would have been noted. In neither instance was there enough 
graphite formed to be noticeable in the fracture. 

To detect small amounts of graphite dissolve 0.100 gram of 
sample in a 152.4 mm. by 16 mm. tube (6 inches by 16 mm.) 
with 4 c.c. 1.20 nitric acid and heat on a water bath in boiling 
water for two hours in the case of chrome steel and one hour in 
plain carbon steel. Of course, where the chromium content exceeds 
a few tenths of a per cent carbides of chromium are formed that 
are in no sense graphitic. For this reason the acid test for graphite 
is not available in such steels. Permit the solution to stand for 
several hours without agitation of the same to detect traces of 
graphite which can be plainly seen in this way in the bottom of 
the tube. 

Acid Test for Annealing. — * Dissolve 0.100 gram of sample 
in 4 c.c. of cold 1.20 nitric acid. Examine immediately in day- 
light. If the undissolved carbon is flaky and floats about in the 
solution the steel is not annealed at all. It is in the condition 

* Reject surface drillings to the depth of at least one-eighth of an inch 
when taking a sample for annealing test. 
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in which it left the rolls or hammers. If on the other hand the 
carbon is in an extremely fine state of division, so much so that it 
does not separate in flakes at all, hut rather tends to run up the 
sides of the test tube in a thin film, then the annealing is j)erfect 
and the steel has reached the highest degree of softness. 

In perfectly annealed steel this finely divided annealed carbon 
will remain in almost complete suspemsion for some minutes. 
Indeed it cannot be seen to collect and settle as flakes, but settles 
imperceptibly, after some time, so that there exists a collection 
of fine powder, rather than flakes, in the bottom of the test tulx?. 
An ordinary 6-inch by 15-mm. carbon test tube * is best suited 
for these tests. Then, if it is desired to examine the sample for 
graphitic carbon, the tube is put at oiu^e on a wat(‘r bath in boiling 
water for one hour. By that time all of the combined carbon 
will have gone into solution and the graphite will be collected in a 
coal-black residue in the bottom of the tube. 

The operator soon learns to pronounce to an absolute 
certainty whether the steel is perfectly annealed or not. He 
also can judge whether much or little graphitic carbon is 
present. 

This annealing test is carried out in ten minutes, and enables 
the chemist to pronounce unfailingly on the quality of the annealing 
before the steel is shipped 'to the customer. It gives a perfect 
control over the work that is being done by the man in charge of 
the annealing. A scale of annealing can be established. It has 
been the author^s custom to call perfect annealing, 5*^. Good 
enough for all practical purposes, Moderately good, 4°. 

Partially annealed, 3°, and so on. The quicker the carbon forms 
in flakes and separates, the poorer the annealing. As stated, 
perfectly annealed carbon does not separate in flakes at all. 

Annealing Test When Alloys are Present.— When from O.l 
per cent to 1 per cent chromium is present in steel the annealing 
carbide is formed and acts differently from carbon in plain steel. 
It forms almost coal black; is not flaky; but the individual 
grains are coarser than in plain carbon steel. 

A well-annealed chrome carbide within the above chromium 
content forms in minute coal black grains that settle rapidly 
to the bottom of the test tube. The quicker the grains form, 

* Test tubes must be scrupulously clean, free from the slightest film of 
grease, or dirt, or other coating. 
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the blacker they are, and the more rapidly they settle to the 
bottom, the better the anneal. 

This peculiarity^ constitutes an infallible test for the presence 
of chromium in steel, but the latter must be perfectly annealed 
to show as small a quantity jis 0.1 per cent chromium in 0.100 
gram of sample. More experience is required to pronounce 
on the annealing of chrome steel by the acid test. 

In well-annealed steel containing 3 per cent of chromium and 
over, the carbide is coal black but does not settle to the bottom 
nearly so fast as does the carbide found in perfectly annealed 
steel of 1 per cent chromium and under. The grains settle slowly, 
and there is a well-defined film running up the walls of the test 
tube, but the grains should be in the finest state of division. 

Plain tungsten steel, in the perfectly annealed state, gives 
practically the same appearance as ordinary carbon steel when 
tested for annealing. 

Nickel and manganese steels act exactly as plain carbon steel 
when perfectly annealed. The color of the finely divided annealed 
carbon has perhaps more of a brown shade in high manganese 
and nickel steels, but it does not settle any faster than in plain 
carbon steels. One of the greatest difficulties in annealing steel 
is to obtain uniform heat throughout the entire furnace. The 
dividing line between a good annealing heat and hardening tem- 
perature is very sharp. The author has had a piece of steel but 
2 inches long exhibit perfect annealing on one end, while the 
other end had passed into the hardening range. He has also 
another piece that shows black fracture on one end, and the other 
end less than 2 inches away shows no trace of black fracture. 
These phenomena are due to unequal temperature in the furnace. 

An annealing furnace should have several pyrometer couples 
located in different parts of it. 

Calibration of Pyrometer Couples.-— Pyrometers should be 
checked at regular intervals. The most convenient method is 
to use the freezing-point of c.p. sodium chloride. This substance 
freezes at 804° C. A few ounces of the salt can he heated some- 
what above its melting-point in a muffle furnace. The salts should 
be melted in a good clay crucible of low iron content such as the 
best grade of Denver crucible. The crucible is removed quickly 
from the furnace and placed in a receptacle made of infusorial 
brick of just the right size to hold the crucible. The apparatus 
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can be covered with a non-heat conductor provided with a hole 
to admit the fused end of the couple. The bare wires of the 
platinum-rhodium couple can be put directly in the fused salt. 
The temperature of the molten salt is then reacf every ten seconds; 
and when the drop in temperaturj remains stationary for 100 
seconds, this rcadinj^ is taken as the freezing-point. If the 
galvanometer of the instrument reads lower than 804^ this 
number of degrees must be added to its future readings. If it 
reads so many degrees higher than 80*4° C. its readings are 
reduced by that amount. 

If desired, the instrument can l)e also calibrated against the 
freezing-point of potassium sulphate (K 2 S() 4 ). which freezes at 
1072'^ C\ And for a low range, against that of potassium nitrate, 
which freezes at 337° C. Taking all three salts, three freezing- 
points are obtained from which a curve can l)e plotted. 

The freezing-point of salt (NaCl) is the most accurate one 
of the three. Fresh salts should be u.sed each time. Barium 
chloride c.p. (anhydrous) freezes at 955° C. This salt can also be 
applied to the purpose. 

It should be stated that the ten second interval in the readings 
of the dropping temperature was chosen l>ecause it was found that, 
with the heat insulation chamber u.sed, the temperature dropped 
at regular intervals of ten seconds. 1’his interval of drop can 1 e 
lengthened by increasing the thickness of the chaml)er walls ard 
shortened by using a thinner layer of infusorial earth in the walls. 

In like manner a change in the heat insulation layer will change 
the time period of the much longer pause noted above and that 
occurs when the salt freezes. 



CHAPTER XVII 
Part II 

(1) FURTHER ANNEALING TEMPERATURES. (2) SURFACE 
DECARBONIZATION 

Supplementing the annealing temperatures given on page 
415, one can calculate approximately the best annealing 
temperature for manganese and nickel steels by deducting from 
720° C., 18^° for every per cent of manganese or nickel present; 
and on account of the similarity of cobalt to nickel the pre- 
sumption is that the rule holds good for cobalt also. To deter- 
mine exactly the best annealing temperature, one should first 
determine the critical point of the steel and then anneal it just 
under the critical point (Ar 2 ). If one has no apparatus for critical 
point, then recourse can be had to the above calculation. The 
result can be checked by the acid annealing test given on pages 
418 and 419 and the annealing trials continued until the chemical 
test shows the annealing is perfect. 

Annealing Temperature for Chrome-Manganese Steel and 
Chrome-Nickel Steel. — In such steels there exists two independent 
annealing temperatures, that is, the steel must be given an anneal- 
ing as though it were chrome steel or first soaked at 850° C. and 
then held at about 720° C. and then the temperature should be 
lowered and the nickel annealed as though it were a manganese 
steel, or a nickel, or cobalt steel, only. 

Some of these manganese-chrome steels require as low as 
350° to 450° C. to soften the manganese combination therein. 

Twelve per cent nickel steel of low carbon (0.50 per cent 
carbon) anneals well at about 500° C. Highly alloyed chrome- 
tungsten-vanadium steels with carbon over 1 per cent, alloyed 
further with 2 or 3 per cent of copper, must first be annealed 
for some hours at about 850° C. and then, curiously enough, 
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must be given as low an annealing as though 10 to 13 per cent 
of manganese were present. It is necessary to perform the 
annealing in this way before the steel can be drilled at all, even 
with the best Rex A A drill. The same kind* of a steel with low 
carbon of about 0.60 per cent C. do^s not require the low anealing 
temperature. This is a striking example of the fact that carbon 
has a marked influence on the annealing temperature in some 
cases. 

The Formation of Bark or Decarbonized Surface on Pipe- 
Annealed Steel. — Several years ago the author investigated the 
cause of this troublesome .soft surface and his conclusions were 
published in the following paper: 


The Formation of White Scale on Steel and the Surface 
Decarbonization of Pipe-Annealed Steel * j 

When bars of steel are annealed in pipits, with charcoal, to 
produce a scale-free, frosted, metallic finish, there is frequently 
found at the surface of the metal a coansely crystalline structure 
H, G, Fig, 34, that is much lower in carbon content than the 
remainder of the bar. Such steel will not harden file-proof on 
the outside. It is rejected for that reason by makers of twist 
drills, though this defect be so slight as to require a magnifying 
glass for its detection. 

In pipe-annealing the bars are put in a steel tube that is 
welded shut at one end. The spaces between the pieces are 
filled in with wood charcoal. The open end of the pipii is plugged 
with fire brick, fire clay, and a disc of plate steel. A small vent 
hole is located at one end of the pipe to jx^rmit the escape of the 
large quantity of carbon monoxide that is generated by the 
reaction between charcoal and the air yet remaining in the vessel. 
As apparently dry charcoal often holds considerable moisture 
in its pores, some water vapor must also Ije liberated. 

The superficial decarbonization G, H, /, Fig. 34, is at limes 
much more pronounced than at others. The author became 
interested to investigate the process with a view to discovering 

• From a paper read at the March, 1909, meeting of the Pittsburgh 
Section of the American Chemical Society. 

t Reprinted from the Journal of Industrial and Engineering Chemistry, 
Vol. I, No. 7, July, 1909. 
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the primary cause of this very objectionable feature of annealing 
in a closed tube. 

In the first place it was soon noted ‘that the condition fre- 
quently exists in steel before it reaches tXe annealer, due to 
forging at too high temperatures. 

Again, it was d('em(‘d possible *t hat the scale, always existing 
on the steel when it is put in the pipes, might react with the 
charcoal to form COn. Further, that the latter gas would, under 
the existing conditions, decarbonize the stec'l by the reaction 
C02+C = 2C0. 

To test this theory some five-eighth iiu'h Rd., high-carbon 
steel rods were placed in a ponrlain tube and heated for eighteen 
hours with a slow stream of pure, dry carbon dioxide passing 
through the enclosure. The following points were noted: 

First. A glittering black scale was produced on the fractured 
or otherwise unpolished surfaces of the bars. On fracturing 
the latter, a distinct ring of coarse crystals was found to exist 
at the margin of the fractures. This scale has a curious prop- 
erty of adhering in a thick, sparkling black mass on rough 
fractured surfaces, but when polished steel is exposed, at a red 
heat, to the attack of OO 2 , only a black discoloration resulted. 
The scale referred to, proved on analysis, to be FcaOi. This 
experiment showed that carbon dioxide may cause “bark” 
(surface decarbonization) but not to a marked enough extent 
to offer a satisfactory explanation. 

Second. Some pieces of the same bar were heated in a stream 
of pure, dry hydrogen. A frosbul metallic surface was produced 
and also a slight “bark.” Hydrogen, therefore, will decarbonize 
steel by forming hydrocarbons. 

Third. Next, a piece of the bar was heated in the closed 
porcelain tube, packed loosely with charcoal. First air was 
expelled, but, as the heat attained slight redness, large quantities 
of CO escaped at the outlet end. After an eighteen-hour heat- 
ing, at about 750° to 780° C., a handsome* frosted, metallic 
surf 4 ce had displaced the black oxide and much decarbonization 
was noted. The carbon content of the bar l)efore annealing 
was 1.08 per cent. The decarbonized zone yielded but 0.84 
per cent. 

Fourth. Thinking that CO gas might be the active agent in 
(3), a small clay boat was filled with about a tablespoonful of 
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charcoal. The boat was then placed in the tube with a piece 
of the steel and the usual period of heating followed. The result 
was the same as in the third experiment. 

I 

Note. Annealing in a stroam of natural gas produced a sooty exterior 
and a heavy “ bark ” (sec J, Fig. 31.) 

Fifth. The fourth trial suggested annealing a piece of steel 
in an empty, closed tube with no charcoal or other reducing 
substance. No attempt was made to remove thc^ air except as 
it was partially driven out at the vent end by expansion. The 
only precaution taken was to prevent indrawing of more air, at 
any time, while the tube was hot. The same result was obtained 
as is shown in the white bars at C, Fig. 35, that is, an aluminum- 
like surface with great decarbonization underneath. This experi- 
ment was repeated with steel containing but 0.10 per cent carbon 
and also with steel containing large quantities of chromium and 
tungsten. The 0.10 carbon steel is given at B, Fig. 35. 

The author felt that he had now reached the first goal and that 
the most active agent in surface decarbonization is the rust or 
scale which is actually reduced to metal at the expense of the 
carbon in the steel to which it adheres: 

4C+Fe304=3Fe+4C0. 

In this connection the question arose, would steel with an 
extra heavy, loosely adhering scale perform in like manner. Or, 
in other words, is close contact necessary for reduction. To 
settle this query a small piece of quarter octagon of saw analysis 
was given a prolonged heating in an open muffle at about 850° 
C. This treatment blistered the bar with a thick scale that 
was so loose that the sample had to be transferred to the anneal- 
ing tube quite carefully to prevent the scale from being jarred 
off. After fifteen hours’ heating no change was noted, that is, the 
scale was still black. After a second heating of eighteen hours 
the surface of the scale presented a slight grayish caste. After a 
third period of eighteen hours’ heating it was found that the heavy 
black scale was gone and, in its place, a white, loosely adhering, 
aluminum-like scale existed on the steel. Here, apparently, 
the black scale had begun to reduce on its top surface first. 

This fact pointed to the existence of a reducing gas in the 
tube. 
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Sixth. The author then placed a piece of high-carbon steel in 
the tube, together with a porcelain boat containing some hard, 
semi-fused iron oxide Obtained from a carbon combustion of 
steel drillings in ox j gen. This hard, baked mass D, Fig. 34, 
was given eighteen hours^ heating at a temperature of about 850° 
to 900° C. The porcelain boat ^as removed and found to contain, 
instead of a dense baked mass, a loose, friable substance, and 
that the volume of it exceeded the original about 2| times. The 
steel that had been in the tube was then fractured. It was 
exceedingly tough and disclosed a heavy surface decarbonization 
G, Fig. 34. The loose sponge of oxide was put back in the tube 
with a fresh piece of steel and given a second heating. This 
time the substance E, Fig. 34, in the boat had become light- 
gray in color and was no longer friable but was now adherent 
and almost sticky in its clinging fibers. This material assayed 
98 per cent metallic iron and, on being cut with a knife blade, 
presented a metallic luster. It occurs that here is a means of 
preparing pure metallic iron from pure oxide by heating it in a 
closed tube with a sealed vent (the author used concentrated 
sulphuric acid for a seal), together with a piece of low sulphur, 
high-carbon tool steel. Before turning off or lowering the heat 
it is, of course, necessary to close all vents perfectly, otherwise 
air will be drawn in the tube and metallic iron surfaces will lose 
the aluminum-like luster and become blued. Metallic iron so 
prepared should certainly be free of occluded hydrogen, which 
constitutes an objeJtion to electrolytic iron. Some specular iron 
ore was ground to a red powder and then reduced to a gray 
powder in this way. 

A piece of steel A, Fig. 35, that had been lying in water for 
weeks and was covered with both black and yellow oxides was 
heated in an empty, sealed tube. The result was a white me- 
tallic surfaced sample. A piece of blue steel was heated four 
hours in an empty tube and the blue surface was replaced by a 
white aluminum-like one. 

Seventh. Further experiments developed the fact that this 
white scale forms much more rapidly at high temperatures, that 
is, those above 700°. The higher the heat the more rapid the 
transformation from rust and black scale to the white and 
metallic scale. This white scale takes on the white appearance 
long before it is entirely reduced to metal. The author has had . 
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white scale that would be brittle and grind to a black powder. 
However, when the reduction is complete the scale is no longer 
brittle and cannot be powdered, but is entirely metallic in its 
properties. 

Eighth. The corollary from th^ fact that white scale forms more 
slowly below 750° is that, at still lower ranges, [xulmps below 
650°, it may not form at all. Further ex()eriments covering this 
point will be made. 

Ninth. By annealing steel in a (‘losed tube with a small vent 
to permit egress of gases but sealed against ingress (T air, at 
temperatures close to 700° C., the .surface (hvarbonization is so 
slight that no ring of coarser crystallization can be d(‘tected. 
Only a cupped effect can be noted around the margin of the 
fracture (see F, Fig. 34), yet su(‘h steel will take on a suggestion 
of the aluminum-like finish. Here tlie surface decarbonization 
is confined to the thinnest skin. Such st(‘el hardens file-proof 
immediately under this extrcanely thin zoik*. 

Tenth. By annealing steel that ha<l been polish('d free of all 
rust and scale, in a tube from which ale oxygen had been 
expelled by CO, no surface d(‘carbonization was not(Hl and the 
steel hardened file-proof. The CO was generated by heating 
wood charcoal. 

Eleventh. A rod of polished steel was dippiMl in a .solution 
of copper sulphate until it was plated with metallic copper. 
After heating this rod in a clo.sed tube, witlh)ui expulsion of the 
air, for a few hours, the rod was remov(*d from the tube and was 
found to be coated with a handsome ap}xaring metallic chopper. 
During this experiment the tube was sealed against ingre.ss of 
oxygen. 

Twelfth. By heating tungsten trioxide in a closed porcelain 
tube, and together with, but not in contact with, either a piece 
of steel or steel drillings, the author was able to produce metallic 
tungsten powder of 99.98 pcT cent purity. The temperature 
required for this experiment was 1100° C. The tungsten oxide 
was*in one porcelain boat and the steel drillings were in another. 



CHAPTER XVIII 
Part I 

THE COMPLETE ANALYSIS OF LIMESTONE AND MAGNESITE 

(1) Dissolve 0.9 or 1.0 gram of the sample in 50 c.c. of 
1 : 1 H("l in a No. 5 (4| inch) covered dish. Boil until all 
action is over, remove the cover and evaporate to dryness on 
the graphite bath; heat until the smell of acid is practically all 
gone. Cool; add 40 c.c. of 1 : 1 HCl; cover; boil with the 
lid on and evaporate to 20 c.c.; add 50 c.c. of water; boil with 
the cover on for a few minutes; add ashless paper pulp; filter; 
wash, first with dilute 1 : 40 HCl, and then with water until 20 
drops of the washings do not give even a slight milkiness with 
silver nitrate solution. Smoke off the paper in a platinum 
crucible and then raise the heat to bright redness until all black 
is gone and the ash in the crucible is from a pure white to a gray 
depending on the grade of the limestone. Weigh the ash after 
it has been cooled iji the desiccator and calculate it as insoluble 
residue. Fuse this insoluble residue, which consists of silica 
contaminated with some lime, oxide of iron and magnesia, with 
twenty times its weight of anhydrous sodium carbonate; dis- 
solve the residue out in water in a platinum dish with heat or 
in porcelain in the cold in HCl if no platinum dish is available; 
acidulate the water solution with an excess of HCl; heat with 
the lid on until all spraying due to the escape of carbon dioxide 
IS over and evaporate to hard dryness, twice, filtering after each 
evaporation. Moisten the residue in the dish with 10 c.c. of 
cone. HCl; heat; add 50 c.c. of water; boil five minutes; ‘add 
a little paper pulf); filter and wash as in the case of the insol- 
uble residue; ignite until the ash is pure white and weigh as 
pure silica. As an extra precaution against the presence of 
sodium salt it is more accurate to volatilize silica as in steels 
with HE and a few drops of H2SO4. 
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(2) The filtrate from the pure silica is added to the main 
filtrate and washings obtained from the insoluble residue. These 
combined filtrates contain all of the calciijm, magnesium, iron, 
and aluminum. A slight excess of ammonia is added to the 
nearly boiling filtrates to precipitate the iron and aluminum. A 
little paper pulp is well stirred in; the hydroxides are filtered 
off; washed with water; redissolved, and precipitated as Ixifore 
to insure the complete separation of the cah'iiim and magne- 
sium from the iron, etc. The reprecipitated iron, etc., is wEished 
free of chlorides with water and ignited to a constant weight in 
a platinum crucible as Fc 20 j, AloOa and cahailated as such to 
percentage. 

The filtrates from the double pr('cii)itation of the iron are 
combined, evaporated to 600 c.c., heated to boiling, and the 
calcium is precipitated with 50 c.c. of a saturat'd solution of 
ammonium oxalate. This amount of oxalate is added not only 
to precipitate the calcium but to insure an excess of the oxalate 
in sufficient quantity to hold the magnesium in solution as the 
latter is soluble in an excess of the oxalate. When magnesium 
is present in considerable quantity, it has a decided tendency to 
precipitate some time after the oxalate is added, forming crusts 
of magnesium oxalate. To reduce this formation to a minimum, 
the excess of free ammonia should be small. Do not boil the 
solution after the ammonium oxalate has been added. Always 
redissolve and rcprecipitate the oxalate of ,yalcium as described 
in the method and in the way just given, avoiding much excess 
of free ammonia. 

The oxalate of calcium should stand for at least several hours 
when it is filtered off, after mixing it with considerable paper 
pulp. Wash it with oxalate water (5 grams of ammonium 
oxalate dissolved in 500 c.c. of water) until the washings, acidu- 
lated with a few drops of nitric a(ad, fail to give a reaction with 
silver nitrate. The calcium oxalate, to insure against the co-pre- 
cipitation of a portion of the magnesium, should be dissolved 
in HCl, the filter thoroughly washed and the calcium reprecipi- 
tated as before, this time adding 25 c.c. of the ammonium 
oxalate. The reprecipitated calcium oxalate is filtered, washed, 
ignited, and finally blasted to constant weight as calcium oxide, 
which weight multiplied by 1.7847 gives the equivalent weight 
of calcium carbonate which is calculated to percentage as such. 
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The filtrates and washings from the two precipitations of 
the calcium oxalate are combined and evaporated to about 200 
c.c. in the case of limestone, or to about 400 c.c. if magnesite. 
The solution, which should contain no crystals, is made slightly 
ammoniacal and 20 c.c. of a saturated solution of microcosmic 
salt are added if the sample is limestone; if it is magnesite, 50 c.c. 
of the latter salt arc used. The volume is then increased one- 
third with strong ammonia. The solution and precipitate are 
given a prolonged stirring, especially if the precipitate is slow 
in forming. After twelve hours have elapsed the ammonium 
magnesium phosphate is filtered off and washed free of chlorides 
with a mixture of 80 c.c. of cone, ammonia, 400 c.c. of distilled 
water and 5 grams of ammonium nitrate. The washed pre- 
cipitate is smoked off in a platinum crucible and then the heat 
is raised to bright redness. The residue in the crucible is stirred 
from time to time until it is finally pure white. It is cooled 
in a desiccator and weighed as magnesium-pyrophosphate, 
which multiplied by 0.7572 gives the equivalent weight of mag- 
nesium carbonate. 

The calcium oxide and the magnesium pyrophosphate, after 
having been ignited to a constant weight, should be dissolved 
in HCl and the milligram or two of silica that is almost invariably 
present should be filtered off, washed, weighed, and deducted 
from the calcium oxide and the magnesium phosphate before 
the final calculation's to carbonate are made. 

The filtrates and washings both from the calcium oxalate 
and the ammonium magnesium phosphate should be tested in 
every instance with further additions of the precipitants to 
make sure that precipitations have been complete. 


SOME ANALYSES OF LIMESTONE 



No 1 

No 2 

i No 3 

No 4 

No 5. 

No 0 


% 

% 

% 

% 

% 

% 

Calcium carbonate 

94 20 

93.21 

94.71 

98 80 

81 35 

90 30 

Magnesium carbonate 

1.51 

1.44 

2.02 

0 26 

3 08 

1‘.86 

Oxides of iron and aluminum.. . 

0.09 

3 20 

1.46 

0 26 

3.12 

2 46 

Silica or insoluble residue 

4.16 

1 SO 

1.46 

0 31 

11 6S 

5.26 


Samples Nos. 2, 3, and 4 are good limestones for basic open hearth pur- 
poses, being low in silica and over 93 per cent in calcium carbonate. Nos. I 
and 6 are doubtful and No. ^ is distinctly bad. 



THE DETERMINATION OF LIME IN LIMESTONE 431 


(2) The filtrate from the pure silica is added to the main 
filtrate and washings obtained from the insoluble residue. These 
combined filtrates contain all of the calciijm, magnesium, iron, 
and aluminum. A slight excess of ammonia is added to the 
nearly boiling filtrates to precipitate the iron and aluminum. A 
little paper pulp is well stirred in; the hydroxides are filtered 
off; washed with water; redissolved, and precipitated as Ixifore 
to insure the complete separation of the cah'iiim and magne- 
sium from the iron, etc. The reprecipitated iron, etc., is wEished 
free of chlorides with water and ignited to a constant weight in 
a platinum crucible as Fc 20 j, AloOa and cahailated as such to 
percentage. 

The filtrates from the double pr('cii)itation of the iron are 
combined, evaporated to 600 c.c., heated to boiling, and the 
calcium is precipitated with 50 c.c. of a saturat'd solution of 
ammonium oxalate. This amount of oxalate is added not only 
to precipitate the calcium but to insure an excess of the oxalate 
in sufficient quantity to hold the magnesium in solution as the 
latter is soluble in an excess of the oxalate. When magnesium 
is present in considerable quantity, it has a decided tendency to 
precipitate some time after the oxalate is added, forming crusts 
of magnesium oxalate. To reduce this formation to a minimum, 
the excess of free ammonia should be small. Do not boil the 
solution after the ammonium oxalate has been added. Always 
redissolve and rcprecipitate the oxalate of ,yalcium as described 
in the method and in the way just given, avoiding much excess 
of free ammonia. 

The oxalate of calcium should stand for at least several hours 
when it is filtered off, after mixing it with considerable paper 
pulp. Wash it with oxalate water (5 grams of ammonium 
oxalate dissolved in 500 c.c. of water) until the washings, acidu- 
lated with a few drops of nitric a(ad, fail to give a reaction with 
silver nitrate. The calcium oxalate, to insure against the co-pre- 
cipitation of a portion of the magnesium, should be dissolved 
in HCl, the filter thoroughly washed and the calcium reprecipi- 
tated as before, this time adding 25 c.c. of the ammonium 
oxalate. The reprecipitated calcium oxalate is filtered, washed, 
ignited, and finally blasted to constant weight as calcium oxide, 
which weight multiplied by 1.7847 gives the equivalent weight 
of calcium carbonate which is calculated to percentage as such. 
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By the equation 2KMn04 + 5H2C2O4 + 3 H 2 SO 4 = K2SO4 
+2MnSO4+8H2O+10CO2; 2 KMn 04 = 5 H 2 C 204 , hence 2 KMn 04 
= 5Ca, or 316.06 ^arts by weight of KMn 04 correspond to 
200.35 parts of calcium, or 3.16 grams of KMn 04 , N/10 dissolved 
in a liter volume will have value of 1 c.c. equals 0.002 gram 
of calcium. 



(IIAPTKR XVIII 


Part II 

THE ANALYSIS OF OPEN-HEARTH BOTTOM SAND 
AND FIRE-BRICK 

The sample is ground to fineness of flour in an agate 
mortar. It is then dried for one hour at a temperature of 105° 
to 110° C. While the dried sample is still warm, it is put into a 
clean, dry glass-stoppered bottle, where it is cooled before using. 
One gram and, for a check, 0.9 gram arc taken for the analysis, 
being weighed into 30 c.c. platinum crucibles together with 
10 grams of anhydrous sodium carbonate. This flux is well 
mixed with the sample by stirring it witli a wire. The thorough 
mixture of sample and carbonate is heap'd gradually to redness 
and kept at a bright red heat until the mass in the crucible, 
which should be in a molten state, is in quiet fusion, that is, 
with no bubbles of CO 2 escaping. 

The melt is then cooled, and the crucible and contents are 
placed in a platinum dish, containing about 100 c.c. of water 
which is kept just below boiling until the’^fusion is dissolved, 
leaving only a stain in the crucible and a floating mass in the 
dish which should be free from grit. The dissolved fusion is 
then transferred to a 600 c.c. casserole and acidulated with 
50 c.c. of cone. HCl, keeping the casserole covered with a watch 
glass during the very gradual addition of the acid. (In case a 
platinum dish is not at hand, dissolve the fusion in a casserole, 
in an excess of 1 : 1 HCl.) 

The crucible in which the fusion was made is warmed with 
5 c.c. of 1 : 1 HCl in it, to dissolve the traces of iron that still 
adhere to its inner walls. These cleanings are added to the 
main part in the casserole which is now warmed with the cover 
on until the carbon dioxide is mainly expelled. The watch glass 
cover of the casserole is rinsed off and evaporation to dryness 
follows. To render the silicic acid insoluble, the dry residue in 
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the casserole is given a further heating at a temperature of about 
120° C. for an hour. Care should be taken not to exceed this 
temperature to avoid the possibility of loss of iron by volatiliza- 
tion of its chloride'. 

The thoroughly baked residue is cooled; moistened with 
cone. HCl, using about 20 c.d! of the acid, to dissolve the oxides 
of iron and aluminum; heated with the cover on to insure 
complete solution of the oxides; warmed with 200 c.c. of dis- 
tilled water for a half hour with frequent stirring to secure as 
nearly as possible a perfect extraction of the large quantity 
of sodium chloride formed. Ashless filter pulp is added to the 
extraction, after it has been cooled, and stirred in with the now 
insoluble silicic acid. The mixture of pulp and silicic acid is 
poured on a double 15 cm. filter, that is, on to a filter consisting 
of two papers folded together. Such a filter will invariably 
secure more rapid and perfect filtration in the long run than a 
single filter. 

The pulp and precipitate are washed, alternately, with water 
and 1 : 20 HCl until the washings are free from iron test, no 
longer giving a reddish tint with potassium sulphocyanate solu- 
tion. Then the washing is continued with cold water until a few 
drops of the washings yield no white turbidity when tested with 
a water solution of silver nitrate. The filters and pulp are then 
removed to an air bath and dried at 120° C. until most of the 
water is gone. The filtrate and washings are evaporated to 
dryness, warmed 'with acid, leached with water, filtered, washed 
free of iron and chlorides, as before, to obtain that part of the 
silicic acid that may have escaped complete dehydration in the 
first evaporation. 

The filtrate and washings from this second filtration are 
retained for the main part of the iron, aluminum, calcium, and 
magnesium. This filtrate and washings for reference are desig- 
nated as A. The residues on the filters from the first and second 
evaporations, after having been freed from the excessive amount 
of wash water retained by the pulp, by drying in the air bath, 
are placed in as large a platinum crucible as is available and the 
volatile matter in the paper is smoked off, cautiously. The 
crucible is then brought slowly to redness and the heating is 
continued until the ash in the crucible is purj^, white. The blast 
is applied for ten minutes, the crucible is cooled in the air for a 
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moment, and placed in a desiccator until entirely cold, when it 
is weighed. The crucible is blasted again, cooled, and weighed 
until a weight is obtained that does nci differ from the last 
weight more than 0.0002 gram. This weight is taken as the 
final weight of the total silica together with a few milligrams of 
the Ca, Mg, Fe, Al, Ti, and a Ihtle of the sodium salts that 
cannot be entirely washed out. The true silica is then gotten by 
the loss of weight by volatilization with about 20 c.c. of hydro- 
fluoric acid and 10 drops of cone, sulphuric -acid, as in steels. 
The HF is added a little at a time to prevent loss by too violent 
escape of the silicon fluoride. The evaporation is carried on in a 
good draught until thick fumes of the sulphuric anhydride appear. 
It is advisable to evaporate off the HF in a specially prepared 
place to prevent the etching of the hood windows. Such au 
arrangement can be built in a wide (chimney in the form of an 
arched space. The author places therein a large agateware pan 
filled with a layer of graphite. To provide a clean spot on 
which to stand each crucible a number of nickel disks or lids of 
nickel crucibles are arranged on top of the graphite. The pan is 
heated with a Bunsen burner. About two feet above the pan, 
supp)orted by offsets in the brickwork, is a hard asbestos board one- 
quarter inch thick, which entirely prevents any foreign matter 
from falling into the open crucibles during the evaporations. A 
still better plan is to construct a small reverberatory furnace, lin- 
ing it with asbestos board, heating it from above by a flame 
behind a bridge wall. Of course such a furnaces is never allowed to 
get above a drying heat for these evaporations. Fig. 36 shows 
the construction of such a furnace, which with natural gas and 
compressed air can be brought to 1300° C., or can be kept at a 
mere desiccating heat by burning a small yellow flame in the 
combustion chamber C. 

When the fumes of sulphuric anhydride no longer appear, 
the crucible is removed from the drying chamber and heated to 
low redness only, in order to drive off any remaining sulphuric 
acid,, and yet not hot enough to volatilize any sodium salts that 
may have contaminated the silica and remained behind after the 
latter was evaporated away as fluoride. The crucible is then 
cooled in the usual way by placing it, while it is still warm, in a 
desiccator and then weighing it when cold. This weight is 
deducted from the previous weight of the crucible and its con- 
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tents obtained by blasting to a constant weight. The difference 
so obtained is calculated to percentage as silica. 

If the analyst wishes to be entirely certain that all of the 
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silica has been completely removed, he should repeat the evapo- 
ration with HF, using but 10 c.c. of the acid and also 10 drops 
of the H2SO4. If the crucible does not lose any weight on the 
second evaporation and ignition then the operator has proved ‘ 




Ca, Mg, Fe, AUO,, AND Ti IN OPEN-HEARTH SAND 439 


the work. As previously stated, the residue in the crucible, 
after these evaporations, may contain traces of all of the elements 
present in the sand except silica. Therefore, the residue is fused 
with twenty times its weight of the sodiurn carbonate and is 
dissolved out as in the original ijiain sodium carbonate fusion 
of the sample, and the acidulated fusion and the cleanings of 
the crucible are added to filtrate A which will now contain the 
total Ca, Mg, Al, Fe, and Ti in the sand or brick. 

Filtrate A is now evaporated to 350 c.c., heated to nearly 
boiling and filtered; 1 : 1 ammonia is added to it until it smells 
slightly but distinctly of ammonia. Much excess of ammonia 
will prevent a part of the aluminum hydroxide from precipi- 
tating. To avoid the tedium of long boiling, add the slightest 
possible excess of ammonia. If the solution smells strongly of 
amironia, then the excess of the latter should be neutralized 
with some HCl. Having the conditions of alkalinity just right, 
the solution is boiled for five minutes, the beaker is removed 
from the fire and some paper pulp is stirred in, in large or small 
quantity according as the precipitat(‘ seems large or small. 
The precipitate, which will contain all of the Fe, Al, Ti, and 
P in the sample, is filtered off on a double filter and washed 
with a solution consisting of 5 grams of ammonium nitrate dis- 
solved in 500 c.c. of water. This is continued until the washings 
do not give the test for chlorides with silver nitrate. The precip- 
itate is dissolved off the filter with hot H (3 and reprccipitated 
as before with ammonia; filtered, and washed. The second 
precipitate is burned off and blasted to a constant weight as 
in the case of the silica. The weight obtained is recorded as 
Fe203, AI2O3, Ti02. 

The combined oxides are then dissolved by prolonged heating 
with cone. HCl, and if any white, floating residue remains insol- 
uble it is filtered out; washed thoroughly in the same way as 
the main silicic acid, weighed, deducted from the total weight 
of the iron oxide, etc., and added to the total silica. The filtrate 
from* this milligram or two of silica is reduced with stannous 
chloiide and the iron titrated with the dilute potassium dichro- 
mate, page 442 , or converted to sulphate and passed through 
the reductor (page 365 ), to obtain the amount of iron present. 
The latter is then calculated to ferrous oxide, FeO. It is also 
calculated to Fe203 and deducted from the total oxides of iron, 
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alumina, etc. The remainder is calculated to percentage as 
oxides of Al, etc. (AI 2 Q 3 , Ti02, etc.). 

The filtrates and washings from the two precipitations of the 
iron and aluminum are analyzed for lime and magnesia exactly 
as directed for limestone, begkining at the point where the com- 
bined filtrates from the double precipitations of the iron are 
combined, heated to boiling, and the calcium is precipitated 
with a saturated solution of ammonium oxalate, the only differ- 
ence being that the lime content is only a per cent or two so that 
but 25 c.c. of the ammonium oxalate are used to precipitate the 
calcium present. 

The ignition loss is obtained by blasting 1 gram of the sample 
to a constant weight. The first weight is taken after ten minutes’ 
blasting. The sample is then blasted for five-minute intervals, 
until it either no longer loses more than 0.0002 gram or begins to 
gain weight. 

When analyzing sand or brick, blanks should be run includ- 
ing the fusing of 20 grams of the carbonate of sodium and the 
putting of the solution of this melt through every operation. 
The iron, silica, etc., so found should be deducted from that 
found in the sample. There is almost certain to be some iron 
and silica obtained from the chemicals and glassware. 


Some Analyses of .Sands 

No 1 

No 2 

No 3 

No 4. 

No 5. 

C 

% 

% 

% 

% 

% 

Ignition loss 

0 40 

0.47 

1.20 

0.64 


Silica 

98.08 

95 80 

94.00 

96.86 

95.86 

Oxides of iron, aluminum, etc. . . . 

1.37 

2.84 

4.4 

2.22 

4.86 

Calcium oxide 



0.15 

0.38 



Sand No. 1 is not suitable for open hearth bottoms, as it does not bond 
well with the bottom but floats into the .slag and, as a result, the steel bath 
cuts through the bottom in places. No. 3 is a good sand as it contains just 
about the right amount of oxides of iron, etc., to bond well. No. 5 should 
also be a good bottom sand. 

Titanium 

Titanium is a frequent constituent of fire-brick. The best 
way to determine this element is to obtain the toted iron and 
aluminum from a separate 1-gram portion. The hydrochloric 
solution of this iron, etc., is then fumed with 60 c.c. of 1 : 3 
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sulphuric acid and this residue is then analyzed as given for 
titanium either by color or gravimctrically as in steels. 


ANALYSES OF MAGNESITE BlftCKS 


• 

(jfKxi Urirk, 

Poor Brick. 

Si 02 

Tor Cent 

3 28 

Per Cent. 

5 81 

FeA 

4 71 

10 85 

AI 2 O 3 

0 52 

1 30 

CaO 

2 50 

2 76 

MgO 

89 15 

78.84 
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Part III 

THE ANALYSIS OF IRON ORE 

Metallic Iron.— Dissolve 0.400 and 0.500 f^rarn of the floured 
sample (dried at 105° C.) with mild heating in 40 c.c. of cone. 
HCl until the insoluble residue is white and floating and free 
from any dark-colored grit. When the insoluble portion shows 
no further change, the total sample is transferred to a porcelain 
dish and evaporated to dryness, in case the insoluble part is not 
pure white. This evaporation must be done under mild heat to 
insure against volatilization of iron chloride. Redissolve with 
20 c.c. of cone. HCl, using heat and keeping the dish covered. 
Add 50 c.c. of water, stir in a little ashless paper pulp, filter, wash 
with dilute HCl until the washings are free of iron test with 
KCNS. The filtrate and washings will contain all of the iron 
if the residue is pure white before the evaporation; but if it is 
the least bit colored there is possibility of it retaining some of the 
iron. It is at all times advisable, for close work, to burn the paper 
off until all black due to carbon is gone and then fuse the ash with 
twenty times its weight of sodium carbonate at a bright red heat 
for a half hour. This renders all of the iron, in the shape of silicate 
or titanate, soluble in HCl. The fusion is then dissolved out 
with a little water, an excess of HCl is added, and the solution 
is evaporated again to dryness, redissolved, filtered, and washed 
exactly as described for the original main sample. This filtrate 
and washings will contain all of the iron, if any, that remained 
in the original insoluble portion; it is added to the first main 
filtrate and washings obtained after the first evaporation to 
dryness. These combined filtrates and washings are concen- 
trated to 200 c.c. and heated to nearly boiling m a beaker. Stan- 
nous chloride is added a drop at a time, with stirring, until the hot 
solution is water white, and then not more than 2 or 3 drops in 
excess. Place the 600 c.c. beakers in cold water until room tem- 

442 



IRON IN ORE HY THE REDUCTOR METHOD 443 

perature is attained. Then as each test is about to he titrated, 
add to it 40 c.c. of nierciirie ehloride solution and stir well. This 
should produce a silky white precipitate of mercurous chloride, 
taking care of the excess of the tin chloride. It is undesirable 
to have a large excess of the tii^ chloiide, as there is danger of 
producing a gray precipitate of metallic mercury which renders 
the titration inaccurate; and again a huge precipitate of m(‘r- 
curous chloride is undesirable. 

The solution being properly reduced, it is titrated with a stand- 
ard solution of recrystallized potassium dichromate, until two or 
three drops of the solution of the ore no longer give a blue spot, 
test with the ferricyanide indicator but an orange color, instead. 

Reduotion by Metallic Zinc and Titration with 
^ Potassium Permanganate* 

After getting the ore in perfect solution by any of the fore- 
going means, the solution is converted to sulphates by evapora- 
tion to thick white fumes with 80 c.c. of 1 : 1 H 2 S() 4 . The iron 
sulphate is then dissolved again by heating to boiling for some 
time with 100 c.c. of water. The solution is transferred to an 
800 c.c. cone flask and diluted to 200 c.c. A stream of CO 2 is 
passed through the flask. A total of 40 grams of zinc are added 
in portions to reduce the ferric iron. Heat, when the action of 
the zinc becomes slow, and continue to pass the CO 2 until the 
zinc is all dissolved. Cool to room temperj^iture with the CO 2 
passing. The CO 2 is purified by pa.ssing through two wash 
bottles as illustrated on page 359, photo No. 30. 

A blank of the same amounts of sulphuric acid and zinc should 
be run. In a blank the action, toward the last, is very slow, 
and when there remains only about 0.5 gram of zinc, undissolved, 
the heat can be shut off and the solution cooled; a stopper is 
placed rather loosely in the flask and the latter is then let stand 
at room temperature until the next day, when the zinc will have 
completely dissolved and the blank can be titrated and deducted. 
The iron can be reduced with aluminum as described for uranium 
on page 359. 

Use of the Reductor. — The most convenient way to reduce 
the ferric solution is by use of the well-known Jones reductor. 

* 3.16 gram KMnO^ to one liter of distilled water: 1 c.c. = about 0.00556 
gram Fe. 
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The sulphate solution of the iron is passed through the reductor 
at a standard speed which must be rather slow. The operator 
should determine the speed in drops per minute by passing a 
solution of a standard ore through the apparatus at the speed 
and volume that will give the [ron value per c.c. for c.p. per- 
manganate of potassium. Sec page 365 for further details con- 
cerning the reductor. (See also page 366.) 

In these titrations the end-point is taken as the first pink 
color that spreads entirely through the solution and lasts but 
a few seconds. 

The permanganate can be standardized by putting a similar 
weight of the ‘‘Sibley” iron ore standard through all of the 
operations, or with sodium oxalate, page 20 (1) or with oxalic 
acid, as given on page 405. (See also page 360.) 

(1) It would seem convenient, at this point, to give the reac- 
tions involved in the method. 

(2) The reaction between the ferrous iron and the dichromate 
proceeds as follows: 

K2Cr207 + 6FeCl2 + 14HC1 = 2KC1 -f 2CrCl3 + OFeCla + 7H2O . 

(3) The following equation explains the reduction of the 
ferric chloride by the stannous chloride: 

SnCl2-f 2FeCl3 = 2FeCl2+SnC44. 

(4) The excess of the stannous chloride is prevented from 
interfering with (2) by the mercuric chloride reacting to form 
mercurous chloride : 

SnCl2+2HgCl2 = Hg2Cl2+SnCl4. 

(5) If too great an excess of the stannous chloride is present, 
a gray precipitate of metallic mercury is produced which ren- 
ders the titration inaccurate and the analysis must be repeated 
on a new portion: 

Hg2Cl2 + SnCl2 - SnCl 4 + 2Hg. 

Standard and Solutions. — The dichromaie is made by dissolving 
4.9 grams of the recrystallized salt in water and diluting to 1 liter. 

The stannous chloride is made by dissolving 12.5 grams of 
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granulated tin in 125 c.c. of cone. HCl or 20 grams of the stannous 
salt in 100 c.c. of the cone. HCl. , 

The mercuric chloride consists of 50 gram^ of the salt dissolved 
in 1 liter of water. 

The ferricyanide for the spot*test has a concentration of 0.5 
gram per 100 c.c. of water and should be made as used. 

Standardization. — The standardization is best effected by 
putting 0.3 and 0.4 gram of the U. S. standard “Sibley" iron 
ore, or some other ore that has been standardized with equal care 
(this latter standard is very convenient in that it is entirely 
soluble in HCl), through all of the foregoing operations and noting 
how many cubic centimeters of the diehromate standard are 
required to oxidize the known amounts of the iron standard. 
By so doing, an average value, for example, of 1 c.c. of the standard 
equals 0.00546 gram of metallic iron was obtained. 

Manganese . — Dissolve 0.100 and 0.050 gram of the powdered 
ore in 25 c.c. of cone. HCl. For close work filter out any insol- 
uble matter, wash it and fuse as described under the determi- 
nation of metallic iron. Dissolve out the fusion; acidulate it 
with HCl and add this now completely decomposed residue to 
the main solution; add to the latter 20 c.c. of 1 : 1 H 2 SO 4 and 
evaporate to thick fumes; cool; add 20 c.c. of cone, nitric acid 
and 20 c.c. of water and heat until all of the iron and manganese 
sulphates are dissolved and nothing remains but the floating 
silicic acid. Then transfer from the porcfjiain dish to a cone 
flask, or a 10X1 inch test tube, rinsing with 1.20 nitric acid, 
and finish as in steels. (See page 338.) 

If the manganese exceeds 2 per cent, 1.0 and 0.9 gram are 
gotten into solution as above and the analysis can be finished by 
the phosphate method or by the method given on pages 345 to 
347. (See also pages 250-252.) 

Phosphorus and Silica . — Dissolve 0.9 and 1.00 gram, as for 
the metallic iron, using 40 c.c. of (;onc. HCl, fusing the insoluble 
residue and placing the acidulated melt back in the main solution; 
then evaporate to dryness; adding 1 gram of chlorate of potas- 
sium before evaporating, heating with the cover on the porcelain 
dish until all action caused by the addition of the chlorate is 
over. After the evaporation to dryness, redissolve in 20 c.c. of 
cone. HCl; evaporate to 10 c.c., add 20 c.c. of water; add a 
little ashless filter pulp; filter and wash with 1 : 40 HCl until 
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the washings no longer give an iron test with KCNS; evaporate 
the filtrate and washings again to dryness on the graphite, dis- 
solve, dilute, filter and wash as before to insure the separation 
of all of the silica. The filters from the first and second evapora- 
tions to dryness contain the totabsilica. These papers are ignited, 
weighed, and finished for .silica, purifying with HF-I-H 2 SO 4 . 

The filtrate from the second filtration and washing contains 
all of the phosphorus; it is evaporated low and is converted to 
nitrates, boiled with permanganate, and finished for phosphorus 
as in steel (pages 310 and 318). 

Sulphir . — Fuse 1.0 and 0.9 gram, as given for ferro-titanium 
at the bottom of pages 47-48; running blanks as a check on the 
reagents. (See also page 122.) 

Aluminum, Calcium, and Magnesium . — Get 0.9 or 1.0 gram 
into solution and evaporate to dryness as for silica. The 
filtrate from the second evaporation will contain all of the 
aluminum, iron, manganese, most of the titanium, all of the 
phosphorus, calcium, and magnesium. Make a double basic 
acetate precipitation of the filtrate as described on pages 250 
and 251 and combine the two sets of- filtrates and washings for 
the calcium and magnesium. The precipitate from the second 
basic acetate precipitation is burned off at a low heat, blasted to 
constant weight, and weighed as AI 2 O 3 , Fe 203 , Ti02, P 2 O 5 . The 
residue in the crucible is then dissolved in cone. HCl and divided 
into two parts; th^ phosphorus is determined in the one part 
after converting it into nitrate as described under phosphorus; 
and in the other part the metallic iron is found as given 
under metallic iron, by reducing this half with stannous 
chloride or convert to sulphate and use the reductor. The 
iron so found is calculated to Fe 203 , multiplied by two and 
deducted from the total weight of the oxides. In the same way 
the phosphorus found is calculated to P 2 O 6 , multiplied by two 
and deducted. This leaves only the weight of the AI 2 O 3 and 
Ti02. The latter is determined on a separate portion and cal- 
culated to a I-gram basis and deducted, leaving the aluminum 
only. 

Also these same weights of ore can be gotten into solution 
as for silica, the silica filtered off; the filtrate and washings 
therefrom can be transferred to a I liter boiling flask and the 
iron, manganese, and titanium can be removed by two or three 
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peroxidations. The filtrates and washings from peroxidations 
can then be made acid and the aluminum precipitated at once 
with ammonia; redissolved and repre('ipitated to remove the 
sodium salts that are inevitably preseift in the aluminum 
hydroxide. The reprecipitated aluminum hydroxide is weighed 
as AI 2 O 3 , P 2 O 5 . The phosphoric anhydride is determined by 
fusing the two oxides in twenty times their weight of ahhydrous 
sodium carbonate; the melt is dissolved in nitric acid and is 
then evaporated to 40 c.c. and finished as in steels, pages 310 and 
318. 

This latter scheme is decidedly to be preferred if calcium 
and magnesium are not needed. 

Calcium and Magnesium. —The, filtrales from the two basic 
acetate precipitations arc combined and evaporated nearly to 
crystallization with 100 c.c. of corn*. H(1. Then 200 c.c. of 
water, or more, are added and heat is applied until the salts 
are all dissolved. If any dirt or dust has crept into the solution 
the same is filtered out and the filtrate and washings are finished 
for Ca and Mg as in limestone from the point where the filtrates 
from the iron have lK'(*n obtaincMl and are ready for the addition 
of the oxalate. (See page 431.) 

Also, if it is desired to obtain the latter elements in a separate 
portion one can proceed exactly as given for limestone (page 430). 

Titanium . — Fuse 1 gram with 20 grams of acid potassium 
sulphate and finish for titanium as directed on page 49, 
(‘‘Transfer to an 800 c.c. beaker”), if^ the titanium con- 
tent of the ore amounts' to more than 1 per cent. If the 
per cent of titanium is less than 1 per cent, fuse as above 
but boil the sulphuric acid solution of the fusion obtained as 
directed on page 61 with strong nitric acid and compare it with 
an iron ore, containing a known amount of titanium, that has 
been put through all of the operations. Dilute the sulphuric 
acid solution of the fusion to 100 c.c.; boil it five minutes with 
25 c.c. of cone, nitric; cool and compare as given for steels on 
page 64. 

Copper and Nickel . — Dissolve the ore as far as possible with 
HCl, using 20 c.c. of the cone, acid per gram, heating a little 
below boiling in an 800 c.c. beaker until the insoluble residue 
does not show any further change, that is, does not become any 
whiter. Use 15 grams of the finely ground sample if the copper 
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and nickel do not exceed 1 per cent. When the HCl is appar- 
ently having no further eff«ct, then add cautiously 10 c.c. of 
cone, nitric per gram of ore taken and also a total of 10 c.c. of 
hydrofluoric acid arid digest the contents of the beaker for at 
least one hour. 

Evaporate to moist dryness, but do not bake for fear of 
rendering the nickel insoluble; redissolve in 100 c.c. of HCl and 
evaporate until the solution does not seem to have a great excess 
of HCl; convert the solution to nitrate by evaporating until 
further additions of cone, nitric acid no longer produce red 
fumes, or until a few drops of the solution give but little, if any, 
milkiness with silver nitrate solution. Then finish for copper and 
nickel as given on pages 210 to 212. Run as a standard an iron 
ore containing a known amount of copper, or if such a standard 
is not at hand, then add to the ore a known amount of copper 
and nickel and also run the same ore without any copper and 
nickel, performing the standardization in the same way as given 
for pig iron on pages 206 and 207. 

Chromium . — Determine the chromium exactly as given for 
chrome ore on pages 184 and 185. 

Ignition Loss, Carbon Dioxide, and Moisture , — The ignition 
loss is obtained by heating 1 gram of the sample at a bright red 
heat for an hour. 

Carbon dioxide and organic matter can be determined together 
as CO 2 by burning 1 gram of the sample in the electric combus- 
tion furnace for ohe hour in a stream of oxygen as in steels. 
The CO 2 existing as such can be determined by heating the ore 
with cone. HCl in a flask through which a constant stream of 
air is drawn and purified from CO 2 in the same manner as the 
oxygen is purified for the determination of carbon in steel. The 
flask should be provided with a No. 6 rubber stopper. The 
flask shown for sulphur work on pages 330 and 332 will answer. 
The stopper should be pierced with a funnel tube as shown on 
page 332; also an inlet tube for the .purified air which should 
extend one-quarter inch below the acid in the flask; the stopper 
must also have an outlet tube extending through the stopper into 
the flask, but not touching the fluid in the same. This tube 
will conduct away the CO 2 liberated by the digestion with 
HCl by means of gentle suction with a water pump connected to 
the outlet of the weighing apparatus. The weighing apparatus 
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and the train between it and the outlet of the digesting flask 
can be made exactly as the same part of the carbon combustion 
apparatus. The whole apparatus can He thought of as parallel 
to the carbon outfit with the flask taking tlie place of the electric 
furnace. If it is more convenient oxygen can be forced through 
the apparatus, during the digesting period, instead of drawing 
air through the outfit. The weighing apparatus page 279, 
should be weighed after air or oxygen has been drawn through 
it during an hour’s digestion. J is again attached and air passed 
through it for another half hour, but during this second passage 
of the air, or oxygen, no heating should be necessary. If there 
is no more gain of weight than a blank gives at this point, then 
it is proven that all of the CO 2 has been drawn over into the 
weighing apparatus. The operator can check his apparatus and 
the accuracy of his manipulations by determining the CO 2 in 
limestone containing a known amount of calcium carbonate or 
by taking a known weight of cahate crystals. 

The moisture is determined by weighing 1 gram of the sample 
and drying it to a constant weight at 105° C. 

Combined water is determined as in an unburned crucible, 
page 398, using 1 gram of the sample that has been already 
dried for one hour at 105° C. and kept in a glass-stoppered bottle 
after the drying. 

Vanadium is determined in the same manner as given for 
carnotite ore, page 369. 



CHAPTER XVIII 


Part IV 

THE ANALYSIS OF FLUORSPAR 

Exact Method.— As this mineral is not completely decomposed 
by fusion with sodium carbonate alone, it is the general practice 
to fuse the finely ground mineral with a mixture of sodium and 
potassium carbonates, and finely ground precipitated silica. The 
author uses, for the melt, an intimate mixture of 1 gram of the 
sample with 10 grams each, of the two carbonates mentioned, 
together with 3 grams of precipitated silica. 

The 1 gram of the spar is stirred carefully through the flux 
in a thirty-gram platinum crucible and the whole is gradually 
brought to a bright red heat and held at this temperature until 
all bubbling due to the evolution of CO2 ceases, indicating that 
the reactions are complete as follows: 

3CaF2-f3Si02 = CaSiF6+2CaSi03, . . . . (1) 
CaSiF6+4Na2C03 = CaCOa -f Na2Si03 + GNaF -f 3 CO 2 . . (2) 

When the fusion is finished in the manner indicated, it is run 
around the sides of the crucible; and, when cooled, the crucible 
is placed in a platinum dish and its contents dissolved in water 
with heat. If no platinum dish is available, then the melt must 
be dissolved in the cold in a porcelain dish. When all is dis- 
solved except the floating portion, cool, add paper pulp, filter into 
a large cas.serole and wash the residue on the filter with 2 grams 
of sodium carbonate dissolved in 500 c.c. of water, giving the 
filter at least fifty washings, obtaining residue R on the filter, 
and the filtrate and the washings A, which latter will contain all, 
or nearly all, of the fluorine as NaF and much silicic acid as 
sodium silicate, according to (2). 

450 
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The main silica in filtrate A is separated according to the 
method of Berzelius, by heating with ammonium carbonate 
and removing the last traces with an tomoniacal solution of 
zinc oxide as follows: 20 grams of ammonium carbonate, in 
powdered form, are added to A and the same is heated for an 
hour at 40° C. A is then filteretf after twelve hours. Consider- 
able ashless filter pulp is stirred in with the precipitated silicic 
acid. The mixture of pulp, silicic acid and ixu*haps some iron 
and aluminum hydroxides is filtered out and washed with one 
gram of ammonium cail)onate dissolved in 500 c.c. of water, at 
least fifty times, allowing each washing to drain off completely 
before the next oiui is applied. This filtrate and washings can 
be designated as B and contain the major part of the sodium 
fluoride and still some of silicic acid. I'he mixture of pulp and 
silicic acid on the filter from A can lx* marked M. 

The residues H and M are sinok(*d off in a large platinum 
crucible and then the heat is raised until the ash is free of char- 
coal and of a light-brown color. In this way nearly all of the 
original added silica is returned to aid in attacking any unde- 
composed spar that may have escaped decomposition in the 
original fusion. Place on top of the ash from li plus M a ground 
mixture of 10 grams, each, of the carbonates of sodium and 
potassium. Stir this flux all through the ash It plus M with 
a stout ni-chrome wire and then reiK*at the fusion as described 
in the first place, and all of th<i other foregoing operations. 
The water-insoluble residue R' from the second fusion is washed 
with sodium carbonate water as in the case of H. This water- 
insoluble residue R' contains all of the calcium, barium, mag- 
nesium, iron, and some of the aluminum. The filtrate and 
washings from R' contain any remainder of the fluorine and 
nearly all of the silicic acid and aluminum (if A1 be present). 
This filtrate and washings are heated with ammonium carbonate 
as in A, allowed to stand for some hours, filtered, washed with 
ammonium carbonate water, obtaining a residue M' on the filter 
consisting of nearly all of the silicic acid plus a little iron and 
aluminum. The filtrate and washings from M', i.e., B', contain 
the last traces of the silica. This filtrate combined with B 
contains all of the fluorine as sodium fluoride and the remainder 
of the silica as sodium silicate. This silica is removed as follows: 
Evaporate these filtrates to dryness in a casserole; take up 
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with as little water as possible; add a (ew drops of an alcoholic 
solution of phenolphthalein and then add 1 : 1 HCl until a few 
drops of this acid ju^c discharge all pink color. The solution 
is then boiled to nbtc if the pink color may reappear, and if it 
should, a drop or two more of the acid is added to just remove 
the pink and so on until no pink reappears on heating. The 
solution will then be neutral and is ready for the removal of 
the last traces of the silicic acid by means of a saturated solution 
of zinc oxide in ammonia, prepared as follows: Dissolve 10 grams 
of zinc oxide in 50 c.c. of cone, ammonia and filter off the undis- 
solved zinc oxide. Add 10 or 12 c.c. of this filtrate to the neu- 
tralized B plus B' to precipitate the silicious matter still remain- 
ing therein, as zinc silicate. After adding the ammoniacal zinc 
solution, boil until the smell of ammonia is gone, and then filter 
out the mixture of zinc silicate and zinc oxide and wash it with 
5 c.c. of the ammoniacal solution of zinc oxide diluted with 
500 c.c. of water, obtaining filtrate and washings C which contain 
all of the fluorine as sodium fluoride and free of silica. The 
silicic acid gotten from B plus B' as zinc silicate is freed from 
zinc by dissolving it off the filter with nitric acid, 1.20, and 
evaporating the filtrate and washings so obtained to dryness. 
The dry residue is taken up with 1.20 nitric acid and filtered 
off, after dilution with water, on the same filter from which the 
zinc silicate was dissolved with nitric acid. The residue on this 
filter is washed thoroughly and burned off with M\ 

The Calcium fluoride , — The filtrate C is heated to boiling 
and the fluorine is precipitated from it while boiling by means 
of a saturated solution of calcium chloride. Some recommend 
the addition of a little sodium carbonate before adding the pre- 
cipitant, thus causing a precipitation of some calcium carbonate 
along with the calcium fluoride to aid in the subsequent filtration. 
The calcium fluoride is filtered and washed thoroughly with 
water. It has been the writer’s experience that it requires not 
less than fifty washings to completely wash a large precipitate. 
The CaF 2 is burnt off in a platinum crucible at a very low .heat, 
just smoking off the paper, and then at low red to remove the 
carbon. 

The ash, which consists of a mixture of oxide, fluoride and 
carbonate of calcium, is dissolved with dilute acetic acid (three 
parts of the acetic acid diluted with 1 part of water), by heating • 
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and evaporation to dryuess on the water bath. The ealcium 
fluoride remains insoluble^ and the calcium carbonate and oxide 
are dissolved. After the evaporation to dtyness, 50 c.c. of water 
are added to the dry residue and heat is applied for about a half 
hour. The insoluble calcium fluoride is filtered off and wjished 
with water, dried, ignited at a low heat and finally at redness 
until the CaF2 is white, when it is cooled and weighed and cal- 
culated to percentage as such. As a check on the purity of the 
CaF2 it is evaporated to dryne.ss with 5 c.c. of cone. II2SO4. 
The excess of sulphuric acid is driven off at a low red heat and the 
residue is weighed as calcium sulphate, 1.7437 grams of which 
equal 1 gram of calcium fluoride. 

Silica . — The water-insoluble residue li' is smoked off in a 
platinum crucible and then heated at redne.ss until all carbon 
from the paper is gone. TIk* ash which contains the main 
calcium, etc., is transferred to a i)orc('lain dish and boiled for 
a few minutes with 30 c.c. of 1 : 1 11(4 until all but perhaps 
a little silica is dissolv('d. Tlu; latter is filtered off, washed, 
designated as M" and burned with M'. The ash from the 
burning of M' plus M" contains the total .silica, that is, the 
silica that was added plus that contained in the sample. The 
total silica is then evaporated as usual with an exce.ss of HF 
plus 5 drops of cone. H2SO4. The HF should be added very 
cautiously, and in small installments, to prevent lo.ss by spraying 
during the formation of the volatile silicon fluoride. The silica 
is then determined by the lo.ss of weight after the removal of 
the excess of the two acids as in steels. Any residue remaining 
in the crucible after the removal of the silica may (contain some 
calcium, iron, etc., and is fused with a little sodium carbonate, 
dissolved in HCl and added to the filtrate from M". 

Ca, Mg, Ba, Fe, and Al are now all in solution in the filtrate 
just mentioned. The first step is to remove any barium present 
by adding to the solution 2 c.c. of cone, sulphuric acid diluted 
with 600 c.c. of water. Any precipitate formed by the addition 
of the very dilute sulphuric acid is filtered off, ignited and weighed 
as barium sulphate. The filtrate and washings from the barium 
sulphate are then analyzed for Ca, Mg, iron, and aluminum as 
described for limestone, beginning at the point where these 
elements are all in solution and free of silica. (See page 431.) 

Blanks . — It is very necessary to run blanks by fusing 3 grams 
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of the same lot of precipitated silica as used in the decompo- 
sition of the spar with 10 grams, each, of the sodium and potas- 
sium carbonates. The melt is dissolved out in water and then 
put through all 0 / the operations given in the method. The 
silica, iron, calcium, magnesijim, and aluminum so found are 
deducted from the amounts of these elements found in the 
analysis of the sample. These blank analyses should be made in 
duplicate, as should the analysis of the spar, also. 

Lead . — Dissolve 0.9 and 1.0 gram of the sample in a mixture 
of 20 c.c. of cone. HNO 3 and 10 c.c. of cone. HCl. If the spar 
is high in CaF 2 it will dissolve almost completely in this mixture. 
Heat until all spraying is over and evaporate to moist dryness; 
redissolvc in 20 c.c. of cone, nitric acid, dilute, filter, wash with 
dilute nitric acid, and evaporate the filtrate and washings to 
10 c.c. Add 75 c.c. of cone. HCl and evaporate to 15 c.c. Dilute 
with water to about 100 c.c. Make the diluted solution just 
neutral with ammonia; add 4 drops of HCl and pass H 2 S through 
the hot solution until the black precipitate of lead sulphide 
settles well. Filter off the lead sulphide and wash it with H 2 S 
water. Pass H 2 S through the filtrate and washings to make 
certain that all of the lead has been precipitated. The lead 
sulphide is dissolved in 50 c.c. of 1.20 nitric acid and its solution 
is evaporated to heavy fumes with 75 c.c. of 1 : 3 sulphuric acid, 
in a porcelain dish. Cool, dissolve as far as possible with 200 c.c. 
of water and one-third this amount of alcohol. Allow the lead 
sulphate to settle for several hours before filtering; filter off 
the lead sulphate and wash it with a mixture of 2 parts of water 
and 1 part alcohol. Burn the residue at a very low heat in a 
porcelain crucible until the paper is all gone. Cool the white 
residue and moisten it with a drop or two of H 2 SO 4 and ignite 
the residue again at a dull red heat. 

The weight so obtained is multiplied by 0.6832 to reduce to 
the metallic basis. If the sulphur found is reported as such then 
the lead can be conveniently reported as metal. The lead, how- 
ever, usually is present as the sulphide. 

Sulphur . — The author uses the carbonate and niter fusion, 
melting the spar with 20 grams of carbonate of soda and 4 grams 
of niter. The analysis is then finished as in ferro-vanadium high 
in silicon (see page 34 near the bottom of the page). There is 
no reason why the sulphur could not be obtained by fusing the 
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mineral in a mixture of 10 grams of sodium peroxide and 5 
grams of sodium carbonate, then dissolving out the melt in 
water. The water solution could be acidulated with a consider- 
able excess of HCl and the analysis finished *as in the carbonate 
and niter fusion. ^ 

In either method blanks should be run through all the opera- 
tions and deducted. 

Carbon Dioxide . — Ignite 1 gram of the sample in the electric 
combustion furnace in a stream of oxygen for one hour, as in the 
determination of carbon in steel. The carbon dioxitle is usually 
combined with calcium, as carbonate, in the mineral. 

Approximate Method. — The usual approximate^ method is to 
attack the spar with acetic acid. The author proceeds as follows 
(he regards the approximate method ac(airat(‘ enough for all 
technical purposes): Moisten the finely ground spar to a thin 
paste with water, add 20 c.c. of glacial acetic acid and evaporate 
to dryness on the water bath in a pon^elain dish. To the dry 
residue add 50 c.c. of water; stir; boil a few minutes; add 
ashless paper pulp; mix again, filter, and wash with hot water, 
obtaining residue li on the filter and filtrate and washings F. 
The residue R contains all of the CaF 2 , silica and the main portion 
of the iron, aluminum and lead. Barium if present as sulphate 
would be mainly in R. 

The filtrate and washings from R contain calcium, mag- 
nesium and some of the iron and aluminum, and are analyzed 
for these elements as in limestone (see page 430). If lead is 
present some of it will also be in this filtrate and should be first 
removed by H 2 S precipitation of the hot, faintly acid solution. 
The lead sulphide is washed with H 2 S water and the filtrate and 
washings are evaporated low to remove the excess of H 2 S, add- 
ing some potassium chlorate to oxidize the iron, at the beginning 
of the evaporation. The amount of lead found at this point is 
only a small portion of the total amount of the lead present; at 
least, this is the case in the samples containing lead as galena. 

Silica and Calcium Fluoride . — The residue R is ignited at a 
low red heat in a weighed platinum crucible, cooled and weighed. 
Twenty c.c. of c.p. HF are added to R after the weighing. 
Evaporation to dryness removes the silica. The remainder 
in the crucible is then heated to lowest redness, cooled, weighed 
again, and the loss of weight due to the evaporation and ignition 
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is calculated as silica. Three c.c. of cone. H2SO4 are dropped 
into the crucible and the contents of the latter are taken to 
dryness; ignited at a low red heat, cooled and weighed as calcium 
sulphate (CaS 04 ). The calcium sulphate so found is calculated 
to calcium fluoride after deejpeting from it any Ba, Pb, Fe, 
and A1 found as given below. 

Add 15 c.c. of cone. HCl to the weighed calcium sulphate and 
boil it until the sulphate either dissolves to a clear solution after 
twenty minutes’ slow boiling, or there remains some white 
insoluble residue which would indicate the presence of barium 
sulphate. If such a residue be found, then dilute the solution to 
200 c.c. and let it stand for several hours to permit the barium 
sulphate to settle. Filter it out; wash it with water; ignite; 
cool; weigh, and deduct it from the weight of the calcium sulphate. 
The filtrate and washings from the barium .sulphate are diluted 
to 400 c.c. and H 2 S is passed for an hour and the solution is 
then permitted to stand for several hours to give the precipitate 
of PbS time to separate out. If there be sulphide of lead in the 
spar (usually in the form of galena), then some of it will have 
been counted as calcium sulphate. The lead sulphide is burned 
at a very low red heat in a porcelain crucible, moistened with a 
few drops of cone, sulphuric acid and the latter is evaporated. 
The residue is burned at a low red heat, weighed and the weight 
is then deducted from that of the calcium sulphate. The filtrate 
and washings froip the lead sulphide are evaporated to dryness 
with a gram or two of potassium chlorate and analyzed for any 
small amounts of iron and aluminum that may be present in 
this part of the analysis; that is, the small residue in the evapo- 
rating dish is dissolved in 10 c.c. of HCl, precipitated with a 
slight excess of ammonia, the small precipitate of iron and 
aluminum hydroxides are filtered out, washed, weighed, and the 
weight also deducted from the weight of main calcium sulphate. 
The main calcium sulphate as stated, after these deductions, is 
then calculated to the total calcium fluoride. These small por- 
tions of the Fe and A1 are also added to the main oxides of iron 
and aluminum found in F, The main filtrate F contains all of 
the calcium and magnesium not existing in the mineral as fluo- 
rides; also the remainder of the lead if any is present and the main, 
portion of the iron and aluminum. The lead is removed first, 
after acidulating F with a slight excess of HCl to prevent the 
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coprecipitation of any iron, l)y means of hydrogen sulphide. 
The filtrate and washings from the lead sulphide are evaporated 
to dryness with an excess of at least 2()%*.c. of cone. H(1 and 
1 gram of (dilorate. The dry residue is then tJiken up with 10 c.c. 
of 1 : 1 HCl and the iron, alum^ium, calcium, and rtiagnesium 
in the solution are determined as in limestone. As stated, the 
lead, iron, and aluminum found here arc added to any portions 
of these elements found in the filtrate from the hydrochloric 
solution of the calcium sulphate. 

Calculations 

In the exact method, the calcium required in the calcium flu- 
oride found is deducted from the total calcium found. Any 
calcium remaining is usually calculated to calcium carbonate. 
The author prefers for the sake of simplicity to calculate to 
calcium oxide, the calcium found in excess of that nei^essary to 
produce the calcium fluoride; and report the carbon dioxide 
found, as such instead of attempting to di.stribute it as carbonate. 
In the same way the sulphur found is reported as such instead 
of entering into a tedious computation for the purpose of cal- 
culating a part of it to lead sulphide and any remaining sulphur 
to sulphide of iron. Similarly the oxides of iron and aluminum 
obtained are reported as oxides. For commercial and technical 
purposes this seems the logical procedure, and entirely answers 
purposes of the iron and steel metallurgist. In harmony with 
the reporting of the sulphur as such, the lead found is recorded 
as metal. 

Calculation of the Calcium Existing as CaO by the 
Exact Method 

Suppose that 83.46 per cent of CaF 2 were found. Then in 
1 gram of the sample there would be 0.8346 gram of calcium 
fluoride. Further, in 1 gram of this sample there was found 
a total of 0.6956 gram of calcium oxide in the filtrate from M", 
page 453; then as calcium fluoride is converted to its equivalent 
weight of calcium oxide by the factor of 0.7182 we have 0.8346 
multiplied by 0.7182 or 0.5994 gram of calcium oxide coming from 
the calcium in the calcium fluoride. This is deducted from 
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the total calcium oxide; 0.6956 minus 0.5994, or 0.0962 gram of 
calcium oxide to be reported as such, l)eing 9.62 per cent. 


Calculation of CaS()4 to (UF2 in the Approximate 

MlgTHOD 

The calcium sulphate found is multiplied by the factor 0.5735 
to obtain the equivalent weight of calcium fluoride. 

SOME ANALYSES OF FLUORSPAR 
Sample of Fairview Gravel 



Appr<txiniatc Method 
Per Cent 

Exact Method 

Per Cent 

Calcium fluoride . 

83 70 j 

83 46 

Silica . . 

2 92 

3 20 

Oxides of iron and aluminum . . . 

3 10 i 

3 20 

Calcium oxide 

0 40 

9.61 

Sulphur 

0 010 

0 016 


Sample of Fluorspar Gravel C'ontaining Sulphide of Lead 



Approximate Method 
Per Cent 

Exact Method 

Per Cent 

Calcium fluoride 

84 24 

84 36 

Silica .... 

5 44 

5 79 

Oxides of iron and alurpmum 

1 32 

1 41 

Calcium oxide 

1 83 

1.90 

Carbon dioxide. . . 

2 20 

2.20 

Sulphur 

0 92 

0 92 

Metallic lead. . .. 

2.00 

2.00 

Moisture . . 

0 35 

0 35 


Selected Sample by the Approximate Method 



Per Cent 


Per Cent. 

Calcium fluoride 

97 58 

Oxides of iron, etc . . . 

0.77 

0.62 

Silica 

0.20 

Oxide of calcium .... 



Evolution Method for Fluorine. — J. B. Krak in The Chemist- 
Analyst, July, 1914, gives the following evolution scheme: “ Weigh 
the substance (he does not state how much, presumably 1 gram) 
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into a 700 c.c. flask provided with a separatory funnel. Connect 
the flask with a condenser and a train of three Fresenius nitrogen 
bulbs. Pour into the dissolving fla.sk 100 c.c. of phosphoric acid 
of 85 per cent strength. Add 100 c.c. of wat«r. Close the funnel 
stopcock. Apply low flame and continue to heat until 100 c.c. of 
the solution in the flask has been distilled over (Fig. 37). 



Add 100 c.c. more of water and distill this over also. The 
nitrogen bulbs contain an absorbing .solution consisting of 00 c.c. 
of 3 per cent calcium acetate and 5 i^er cent .sodium acetate made 
acid with acetic acid. The theory is that the fluorine is absorlx^d 
as HF in the calcium acetate, forming a precipitate of CaF 2 . 
Any silicon tetrafluoride that may be formed is al.so distilled 
over forming CaF 2 and sodium silicate. The author has never 
tested this method, but its simplicity leads him to publish it for 
those of his readers that may lx? interested t^ test its accuracy. 

The contents of the nitrogen bulbs are poured out into a large 
beaker, 20 c.c. of a saturated solution of ammonium acetate are 
added, evaporation, boiling, and filtering out of the CaF 2 follow. 
Wash the CaF 2 with a dilute solution of ammonium acetate; 
ignite at a low heat, and weigh as CaF 2 . 



CHAPTER XIX 
Part I 

THE TESTING OF LUBRICATING OILS 

As the steel works chemist is frequently required to report on 
the lubricants used about- the plant, a brief outline of the more 
important tests may save the busy reader of this book much delv- 
ing into the vast amount of literature written on this subject. 
The tests about to be described constitute all that the mechanical 
engineering department of a large works usually cares to know, or 
asks for. If the reader wishes to inform himself further, he can 
consult the writings of Lewkowitch, Benedict, Gill and others. 

Saponification Number 

This test is a direct index of the proportion of animal matter 
in the lubricant for the reason that mineral oil (usually present 
in most of the oils u^cd for lubricating) has no saponification value. 
The saponification number simply means that 1 gram of the sample 
tested requires that many milligrams of potassium hydroxide to 
combine with (saponify) th(' fatty acids present in it. The test 
is also known as the Koettstorfer’s value. 

Method. — Weigh 1 to 2 grams of the oil or lubricant into a 
250 c.c. conical flask. Place also in the flask 25 c.c. of half normal 
potassium hydroxide. Insert a stopper carrying a return con- 
denser firmly in the neck of the flask. Turn a current of water 
into the condenser and start to heat the flask on a water bath. 
(See photo No. 38.) Some operators add 20 c.c. of ether to the 
contents of the flask before putting in the condenser. Heat the 
flask on the water bath for one hour. Then shut off the heat, 
turn off the water, cool, add several drops of phenolphthalein 
indicator and drop in from a burette half-normal HCl until the 
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pinkish color or shade given to tiie solution by the indicator just 
disappears. The nuini)er of c.c. of N 2 KOFI added, less the 
number of c.c. of H(d required to di.scharge the pinkish color 
produced by the KOH, multiplied by the* factor 28.05 (I c.c. 
N/2 KOH contains 28.05 mgs. of KOH) and dividt'd by the weight 
of the oil taken gives the saponification number of (he sample. In 
weighing the oil place the tared flask on the l)alanee pan and 
drop in some of the sample from a pipette until about th(‘ desired 
weight has been put in the flask. Then weigh the oil exactly. 














Photo 38. 

When titrating the oil with N/2 HCl use alcohol to wash 
down the sides of the flask, as water is liable to cloud the solution. 
To check the operations place 25 c.c. of the N, 2 KOH in the cone 
flask together with the 20 c.c. of ether. Connect the condenser 
and heat the flask for one hour in the water bath, cool and titrate 
wit i the N/2 HCfl. Any KOH that may have b(‘en so used is 
ded icted from the apixarent amount used by the sample, l>efore 
calculating the saponification number as given al>ove. 

A convenient standard for checking the operator’s work is 
the purest rapeseed oil. A very pure sample obtained by the 
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author gave a saponification value of 185 . A German rape oil 
known as double refined was found to be 182 in saponification. 
Pure lard oil is given as 195 . These pure oil standards should 
be kept in a cool dark cupboard, in sealed bottles, when not in use. 

The Preparation of Half-Normal (N/2) HCl and 
Half-Normal KOH 

A normal solution is usually defined as the hydrogen gram 
equivalent of the active substance dissolved in a liter volume. 
The author would like to offer the following definition, which 
may seem long drawn out but more explanatory: 

A normal solution is the gram molecular weight of the reacting 
substance dissolved in a liter volume, or that fraction of its gram 
molecular weight dissolved in a liter volume which is the equivalent 
of the gram atomic weight of hydrogen. The required fraction 
of the gram molecular weight may be different for the same com- 
pound, depending on the nature of the reaction for which the normal 
solution is to be used. 

The first requisite is then to write the equation and from it 
decide whether the full molecular weight in grams or only a 
fraction of it is needed to meet the conditions of normal solution. 
Suppose the normal solution of permanganate of potassium is 
desired for the oxidation of ferrous sulphate, according to the 
equation : 

(A) 10 FeSO 4 + 2 KMn 04 -f-8H2S04 = 5Fe2(S04)3 + K2SO4 
■f2MnS04 +8H2O, 
or 


(B) lOFeO • SO3 + K2O2 • 2Mn03 + 8H2O • SO3 - 5Fe203 (803)3 
-f K2O • SO3 4 2MnO • SO;j 4 * 8H2O. 

By equation (B) we see how the oxidation expressed by (A) 
takes place: The ferrous oxide united to the sulphuric radical 
and containing 10 atoms of oxygen becomes ferric oxide, still 
united to the sulphuric radical, and gains 5 atoms of oxygen. 
This gain comes from the permanganate as by equation (B) the 
potassium peroxide part of the permanganate loses 1 atom of 
its oxygen to the ferrous sulphate, becoming potassium sulphate; 
and the two parts of manganic trioxide give up 4 atoms of oxygen 
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to the ferrous sulphate, and become 2 molecules of manganous 
sulphate. Hence we have permanganate equivalent to 5 atoms 
of divalent oxygen or 10 atoms of momfvalent hydrogen; there- 
fore 2 molecules of the permanganate beftig equivalent to 10 
atoms of hydrogen then two-tenths or one-fifth of a gram molecule 
of the KMn 04 will be the equivalent of the gram atom of hydrogen. 
This makes it necessary to weigh one-fifth of 1,58.03 or 31.6 grams 
of the KMnOi, dissolving the same in a liter volume. 

A normal solution of the ferrous sulphate: It has l)een seen 
that the sulphate of iron has taken up 5 atoms of oxygen which 
are equivalent to 10 atoms of hydrogen, hence, since 10 molecules 
of the ferrous sulphate are equivalent to 10 atoms of hydrogen, 
then 1 molecule of the sulphate is e(]uivalent to 1 atom of hydrogen. 
It will be fulfilling the definition if 278 grams of I'\'S() 4 , 7 H 2 O 
arc dissolved in a liter volume, or the entire gram molecule. 

An example of a normal solution for a precipitation reaction 
is afforded by the following: H 2 S ()4 + Ha (32 = Ba 8()4 + 2HCl. 
In this equation the active sulphuric acid molecule precipitates 
the divalent barium atom which is cciuivalent to 2 atoms of the 
monavalent hydrogen atom, therefore one-half the gram-molecular 
weight of the sulphuric acid, or 49.04 grams of the 100 per cent 
acid or its equivalent in a dilution, in a liter volume constitutes 
its normal solution. 

(C) This brings one to the neutralization normal, or half- 
normal solution: HCl-fKOH = K( 44 -H 2 (). In this reaction 
whether it is desired to consider the normal solution for the 
potassium hydroxide or the hydrochloric acid it is an example of 
one molecule reacting with a monavalent atom. In either ca.s (3 
the entire gram molecule would be required in the liter volume 
or one-half this amount for the half-normal solution, also in a 
liter volume. This would be 36.47 grams of the UCl and 56.11 
grams of the KOH in a liter volume for the normal solution, or 
18.23 grams of HCl and 28.05 grams of KOH dis.solved in a liter 
volume for the half-normal solution (N/2) of these salts. 

.Half-normal HCl. — As the hydrochloric solution will remain 
constant, 7 liters are prepared as follows: 3,50 c.c. of about 1.20 
specific gravity acid are diluted to 7000 c.c. with water and well 
mixed. The acidity is then tested against pure sodium carbonate 
prepared from c.p. sodium oxalate which can be obtained to the 
best advantage from the U. S. Bureau of Standards. 
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Weigh 1 gram of the standard oxalate into a platinum crucible 
and gently ignite until it is charred and then raise the heat until 
it is pure white but do 'not heat it above redness. Dissolve the 
sodium carbonate thus formed in a little water and transfer it 
with great care to a 250 c.c. cone flask. Add 1 or 2 drops of methyl 
orange solution and titrate it with some of the above HCl solution 
until one drop of the acid just turns the fluid in the cone flask pink. 
The reaction is as follows: 

Na2C03+2HCl = 2NaCl+H20+C02. ... (2) 

The sodium oxalate on ignition is decomposed to sodium car- 
bonate in the manner shown by the equation, 

Na2C204+0 = Na2C03-|-C02 (1) 

By (1) one molecule of sodium oxalate yields 1 molecule of sodium 
carbonate and by (2) we see that 1 molecule of sodium carbonate 
is also equivalent to 2 molecules of hydrochloric acid. Or in 
terms of equivalent weights, 134 parts of sodium oxalate yield 
106 parts of sodium carbonate, which require 72.94 parts of HCl 
(2HC1) for neutralization. One gram of sodium oxalate will give 
-J-j} of a gram of sodium carbonate, or 0.791 gram. SuppOvSe that 
the trial titration of 7 liters of HCl showed that 0.791 gram of 
sodium carbonate required 25.0 c.c. of this HCl to give a pink with 
the methyl orange. By (2) we have seen that 72.94 parts by weight 
of HCl unite with 106 parts of sodium carbonate or 1.4532 grams 
of NaiCOs equal 1 gram of HCl. N/2 HC'l according to (C) 
contains 18.23 grams of HCd to the liter, therefore 1 c.c. of N/2 HCl 
= 18.23X1.4532-1-1000, grams of sodium carbonate, or 0.02650 
gram of Na2C03. As an average of several titrations it 
was found that 25 c.c. of the solution of HCl being tested neu- 
tralized 0.791 gram of Na2C03, hence 1 c.c. of this acid equals 
0.791 gram -r 25, or 0.03164 gram of Na2Co3. As 1 c.c. of N/2 HCl 
should equal 0.02650 gram of Na2C03 then 1 c.c. of the acid being 
tested should be diluted in volume as many times as 0.0265 is 
contained in 0.03164, or 1.194 times. Suppose after making the 
trial titrations there remains exactly 6800 c.c. of the HCl, then 
this solution should be diluted to 6800X1.194 c.c., or to 8119 c.c., 
when it should be an exact N /2 normal solution. 

In general divide any number of c.c. of the acid being stand- 
ardized into the amount of sodium carbonate that it will exactly 
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neutralize; divide the result by 0.02650 and then multiply this 
last quotient by the exact number of c.c. of the acid remaining. 
This will give the volume to which the remaining acid must be 
diluted to make it of N/2 strength. 

The Preparation of N / 2 KOH.n»-Weigh alxnit 40 grams of KOH, 
marked purified by alcohol, into a glass-stoppered bottle and 
dissolve it in a liter of ethyl alcohol that has been distilled with 
some KOH. 

This distillation can be accomplished by placing the alcohol 
and KOH in a boiling flask, in boiling water and connecting 
the same with a Bunsen condenser. The distillate is then used as 
above. In the alcoholic solution a gram or two of barium hydrox- 
ide are also placed to remove any carbonate pre.sent in the KOH 
solution. It is then allowed to settle for twelve hours, when the 
clear liquid is siphoned off, leaving all of the cloudy portion 
behind. This clear portion is diluted to one liter and well mixed 
in a glass-stoppored volumetric flask. The redistilled alcohol is 
used for this dilution also. Exactly 50 c.c. of this KOH are 
withdrawn from the 1000 c.c., and 25 c.c. of it are titrated with 
the N/2 HCl. Suppose it is found that 28.7 c.c. of the N/2 
HCl are required to just turn the 25 c.c. of the KOH pink; then 
1 c.c. of the KOH = 28.7 -r 25, or 1.148 c.c. of the HCl. 
Hence the 950 c.c. of the KOH that remain must be diluted to 
950X1.148, or 1090 c.c. to make them the equivalent of the 
N/2 HCl and therefore an N 2 KOH solution. This dilution is 
made as in the others with the alcohol that has been distilled in 
the presence of KOH. 

Calculations , — In actual work the N/2 KOH does not remain 
for any length of time exactly of N, 2 strength so it is more con- 
venient to determine its exact relation to the N/2 HCl, which 
latter acid should remain unchanged. Suppose it is found as a 
result of the mean of several titrations of the HC4 against the KHO 
that the 29.2 c.c. N/2 HCl equal 30 c.c. of the KOH. Since 1 c.c. 
of N/2 HCl reacts with exactly 28.05 mgs. of KOH, 1 c.c. of the 
KOH solution being tested is equivalent to 28.05X29.2-^30 c.c., 
or 27.30 mgs. of KOH, which value can then he used at that time, 
instead of the factor 28.05 which can be used only when the KOH 
is exactly normal. 

Flash and Fire Tests . — The author uses the open fire tester of 
Tagliabue. 
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Place a bed of chip graphite in the bottom of the tester. Fill 
the reservoir with the oil to within one-quarter inch of the top and 
raise the temperature at the rate of 15*^ per minute; try for a 
small flash of flame across the surface of the oil every 7°. After 
getting the flash make note cf the temperature and continue 
to raise the same until the oil takes fire and note this temperature 
which is the fire test. For an igniter use a small glass jet in a 
rubber hose connection so that the flame coming from the jet is 
not more than one-eighth of an inch long. In using this small 
igniting flame draw it across the diameter of the surface of the oil 
and keep the little flame on a level with the top of the tester, 
making sure that the jet does not touch the oil at any time. Keep 
the tester surrounded with a sheet iron cylinder during the testing 
to protect it from draughts. This test should be always carried 
out under exactly the same conditions or the results will be dis- 
cordant. When the burning test has been completed smother the 
flame at once with the cover that goes with the instrument, as 
this serves to put out the flame and makes the tester easier to 
clean for the next sample. 

Consult Technical Paper No. 49, Dept, of Interior, Bureau of 
Mines, by Allen and Crossfield, 1013, on the Flash Point of Oils. 

Cold Test . — Fill a 4-ounce, wide neck, glass-stoppered bottle 
about half full of the oil and place it in a freezing mixture consisting 
of 2 parts of ice and 1 part of salt, which can be kept in a small can 
wrapped with asbestos. After the oil is solid, let it stand in the 
mixture for about an hour. Then take out the bottle and place a 
thermometer in it and stir with the thermometer until the oil will 
just flow from one end of the bottle to the other. The cold test 
is that temperature at which the oil will just flow. 

Test for Free Acid . — This test is usually reported in grams of 
free oleic acid and N/6 KOH is u.sed for the purpose, 1 c.c. of which 
is equal to 0.047 gram of free oleic acid. Weigh 8 to 10 grams of 
the oil, accurately, into a 250 c.c. cone flask. Add 100 c.c. of the 
redistilled alcohol prepared as given under Saponification. Put 
the flask in a water bath and bring the contents quickly to just 
60° C. Then take the flask off the bath at once and titrate with 
the N/6 KOH until the first pink color just spreads through the 
test. Do not carry the titration any further or the result will be 
too high due to a certain amount of saponification taking place. 
The number of c.c. required to produce this first pink, multiplied 
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by 0.047 and divided by the weight taken gives the amount of free 
oleic acid per gram which is then reported in percentage. 

The alcohol used in these tests can be recovered by distilling 
off the same after the tests are completed. Add some quick- 
lime to the fluid before distilling off the alcohol to remove any water. 

Viscosity . — Any of the viscosimeters on the market can be used 
for this test. The author also uses the Tagliabue instrument for 
this work. Full directions go with these instruments so that but 
a brief hint or two is all that is necessary. For testing the oil 
at 70° attach the nipple marked 70° to the outlet and be sure that 
the oil has no dirt in it. If the room temix'rature is above 70° 
pour 90 c.c. of the oil into the container and just as soon as the 
oil reaches the required temperature allow 70 c.c. to pass through 
the nipple, timing its flow in seconds with a stop watch. The 
number of seconds required multiplied by two gives the viscosity. 

To test oil at 212° water is brought to that tenqx'rature in the 
boiler of the viscosimeter, and the steam coming from the water 
passes through the steam jacket of the instrument whi(!h sur- 
rounds the oil container. Eighty c.c. of the sample which has 
already been heated to 22° or more are now placcal in the oil 
container, and when the 212° are rcaclual in the oil, as shown by 
the thermometer that goes with the instrument, 60 c.c. of the oil 
are withdrawn through the nipple marked 212° and the time of its 
flow is recorded in seconds with the stop watch. Th(‘ seconds 
required multiplied by two give the viscosity. 

The Engler viscosimeter refers all viscosity values to the same 
figures obtained by passing distilled water through his instrument. 
The figures obtained on the oil tested are divided by thos(' gotten 
from water in the same way. This gives what he tenns the specific 
viscosity. 

The viscosimeter should be cleaned with ether after each test 
to prevent any gummy coating forming on the walls of the nipples, 
which would impair the accuracy of the instrument. The vis- 
cosity of water for this instrument used in this laboratory was 
found to be 40 at 70° and 75 at 212°. 

Specific Gravity . — For the determination of specific gravity the 
Eichhorn picnometer is used, ("ool the oil to 60° F. and fill the 
little bulb slowly with the oil so that no air bubbles enter 
with the oil, as the presence of air in the reservoir renders the result 
entirely inaccurate. Hold the picnometer at about a 70° angle 
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when filling it so that the bubbles may be worked out to a better 
advantage. When the bulb is entirely full of the oil, and free of 
air, stopper it, wipe it ^ree of oil, place it in a cylinder of Vater 
which is at 60° F. aud read the specific gravity from the gradua- 
tion of the instrument that is tangent to the meniscus curve of 
the surface of the water. 


Some Specifications for Oils 


Engine oik, 

1. Flashing-point above 400° F. 

2. It must be a pure mineral hydrocarbon oil, free from 

adulteration. 

3. Its specific gravity must be between 26° and 30° Baum^. 

4. Its viscosity (compared with water at 60° F., using a P.R.R. 

standard 100 c.c. pipette) must be, when determined at 
80° F., not less than 2.5. 

5. The oil must be free from acids, sulphur compounds or 

any other corrosive substances, and free from dirt or 
any other gritty material. 

Heavy Dark Engine Oil. 

1. Flashing-point above 450*^ F. 

2. Its viscosity (compared with water at 60° F., using a P.R.R. 

standard 1‘00 c.c. pipette), when determined at 80° F., 
must not be less than 2.5. 

3. The oil must be free from all sulphur compounds, acid or 

any other corrosive substances of any kind, and free 
from dirt or any gritty substances. 

4 . Its specific gravity must be between 26° and 30° Baum^. 

Cylinder Oil 

1. It must have a flashing-point of not less than 550° F. 

2. Its specific gravity must be between 25° and 26° Baum4. 

3. Its viscosity (compared with water at 60° F., using a P.R.R. 

standard 100 c.c. pipette), when determined at 330° F., 
must not be less than 1.25. 

4. It must contain no saponifiable animal oil, and be a pure 

mineral hydrocarbon oil, free from adulterations. 
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6. The oil must be free from sulphur compounds, acids or 
any other corrosive substances of any kind, and must 
* be free from dirt or any gritty siAstanccs. 

« 

Journal and Roll Neck Grease. 

1. It must be free from all dirt and grit of any kind, acid or 

corrosive substances. 

2. It must be absolutely neutral in reaction and free from 

metallic oxides, other than lime. 

Torch Oil. 

1. It must have a flashing-point of not le.ss than 125° F. 

2. It must show a fire test not below 150° F. 

3. Its specific gravity must be between 44° and 48° Baum6 

at 60° F. 

4. It must not become cloudy when cooled at 0° F. 

5. This oil must be pure petroleum oil, free from dirt, grit, 

lumps, water, etc. 

Paraffine Oil. 

1. This oil must be neutral in reaction, free from all dirt or 

similar substances, and may have a flashing-point as low 
as 200° F. It must be pure |x?troleum oil. 

2. Its viscosity (compared with water at 60° F., using a P.R.R. 

standard 100 c.c. pipette), when determined at 60° F., 
should not be less than 1.2. ** 

Screw Cutting Oil. 

1. This oil shall consist of paraffine oil of about 27° Baum6 

gravity compounded with not less than 25 per cent by 
weight of fat oil, cotton seed preferred. 

2. The compounded oil shall have a flashing-point not below 

300° F. and a burning point not above 425° F. 


Fish Oil. 

1. It must have a flashing-point of not lower than 525° F. 

2. It must congeal at 43° F. 

3. It must be free from soaps of any kind. 

4. It must have a specific gravity of 21° Baum6. 

5. It must be free from dirt and impurities. 
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Barrels must be in good condition, and should any barrel 
contain water, dirt, or other impurities it will be rejected. 

c * 

Note. — The foregoing specifications follow very closely those gotten out 
by the Philadelphia & Reading R. R. under Robt. Job. 

Viscosity by the Universal •Standard Saybolt Viscosimeter.— 

The following viscosity figures were recently recommended to 
the author by a chemist of much experience in the manufacture 
of lubricants: 

Engine oil at 100° F., 150 to 200 viscosity; average 160 to 180. 

Heavy, dark engine oil at 130° F., 175 to 250 viscosity; average 

200 . 

Cylinder oil at 212° F., 1.50 to 200 viscosity; average 160 to 
170. 

Paraffine oil at 100° F,, 110 to 150; for light work, 100, and for 
heavy work, 150 viscosity. The Saybolt viscosimeter is widely 
used. 
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RESULTS OF SOME OIL TESTS 


Cylinder Oil 



Acid 

Test. 

Flash 

• 

Fire 

Viscof- 

ity. 

212" F 

Sp. 

Grav. 

Sap 

.Val. 

Cold 

Test 

2/7/12. 

United 

Per Cent 
0 168 

Degrees 

.546 

Degrees 

628 

1,53 

0 895 

20 53 

Degrees 

40 

Cylinder oil — 

0 279 

555 

630 

184 

0.89 

22 61 

37 

Capitol 

0 232 

566 

646 

197 

0 898 

22 24 

36 

Dark crescent ... . 








3/ 18/ 12 








Capitol 

0.126 

505 

5.58 

161 

0 914 

18 30 

30 

8/13/12. 








Special 600 

0 00496 

492 

526 

139 

0 910 

22 45 

26 

High standard . . . . 

0 00215 

I 508 

552 

185 

0 918 

17 84 

30 

No. 1 Oil City Oil . . 

0.0010 

590 

642 

189 

0 890 

16 93 

37 

No. 2 Oil City Oil . . 

0.00108 

555 

622 

162 

0 884 

16.45 

32 


0 00223 

505 

570 

148 

0 880 

21 25 

42 


0.003 

462 

622 

125 

0 882 

8 98 

44 

Capitol cylinder oil . 

0 002 

551 

618 

178 

0 893 

6 41 

41 


Lubuicatinu Oil 



Acid 

Test 

Flash 

Fire 

Viscos- 
ity, 
212" F 

Gray. 

Sap 

Val. 

Cold 

Test 

Brook’s 

0 144 

558 

628 

160 

0 892 

17.60 

35 

Young’s 

0 113 

530 

588 

134 

0 895 

30 24 

46 

Voegley 

0 258 

546 

624 

185 i 

0 896 

21.78 

40 

W. V. Lub 

0 139 

357 

399 

\oi 

0 884! 

8,029 

15 


MiBCELLANEOUa OlLS 



Acid 

Test 

Flash 

Fire 

Vmcos- 1 
»ty, 
212" F 

G®rSv 
60° F 

Cold * 
Test. 

1 

Sap 

Val. 

8/22/12. 








Roll oil 

0 016 

404 

459 

187 

0 870 

17°F. 

20.12 

Tempering oil 

0 0038 

488 

552 

142 

0 860 

35.6"^ 

2.82 

Torch oil 


205 

229 

50 

0.844 


5.5 




Sap. 

Viscos- 

Viscos- 

Flash 

Fire 




Value. 

ity at 
70" F. 

ity at 
212" F 

Point. 

Teat 

3/27/11. 








Mineral lard oil cutting oil 


61 

183 

92 

384' 

1 

452 



CHAPTER XIX 


Part II 

THE TESTING OF COAL 

External Moisture. — By this term is meant the rain, snow, 
or mine, or barge water adhering to the surfaces of the coal. 
For this determination samples should be put at once into Mason 
jars supplied with screw tops and rubber washers or gaskets. 
The jars should be filled at the place of sampling and the tops 
screwed down, tightly, on the rubber. The jars can then be 
taken to the laboratory and allowed to attain the room tem- 
perature and weighed without opening them. After getting this 
weight, the jars are opened and the contents are spread out in 
thin layers, taking care that this operation is performed without 
the smallest loss of the weighed coal. The opened jars are 
placed in a bath of hot air to dry. The rubbers are removed and 
marked the same as their respective jars during the drying of the 
latter at a temperature of about 80^ C. The contents of the jars 
are also labeled and are dried, without any crushing, at a tem- 
perature of 100° C. for several hours until all evidences of external 
dampness is gone and the fines in the samples have a tendency 
to be dusty. The tests are then returned to their respective 
containers; the rubbers and tops are also returned to their jars. 
The jars and their dried contents are again weighed after regain- 
ing the room temperature. The dry, empty jars with caps and 
rubbers on were also weighed in the meantime. The weight 
of the jars and the wet contents less the weight of the jars and 
the dry contents equals the weight of external moisture. The 
weight of the external moisture multiplied by 100 and divided 
by the weight of the corresponding jar and wet contents, from 
which has been deducted the weight of the dry empty jar, con- 
stitutes the per cent of external moisture. All weights referred 
to are taken with the caps and rubbers on the jars and aro made 
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on a torsion balance. This balance is of 10 kilos capacity and 
sensitive to a tenth of a gram. For these tests large samples are 
taken, from 1 to 2 pounds. ^ I 

Internal Moisture . — The sample after beiqg used for the deter- 
mination of the external moisture is crushed to 100 mesh or finer 
and 1 gram of the powdered coal 4s dried for one hour at 105° C. 
The loss of weight constitutes the internal moisture which is 
reported in percentage. The sample is dried in a 20 c.c. platinum 
crucible. 

Volatile Matter . — Place the crucible containing the sample on 
which the internal moisture determination was made in a 
ni-chrome triangle supported 8 cm. above the top of a Bunsen 
burner and play a flame 10 cm. high back and forth across the 
bottom of the crucible which is covered with a tightly fitting 
lid. Continue this heating for four minutes. Then place the 
burner directly under the crucible with the flame stationary and 
increase the length of the flame to 20 cm. Continue to heat 
for seven minutes more. Cool in a desiccator and weigh. The 
loss of weight constitutes the volatile matter. 

The Committee on Coal Analysis of the American Society for 
Testing Materials and the American Chemical Society recom- 
mend that the volatile matter be determined in a 10 gram plati- 
num crucible, using a capsule lid, that is, one that fits inside the 
crucible. The crucible and its 1 gram sample can then be placed 
in a muffle heated to 950° C. and maintained at this tempera- 
ture for seven minutes. The author would prefer to use an elec- 
trically heated muffle furnace * which every laboratory should 
have, without fail, and can make at a low cost for this purpose. 
See Making and Repairing of Laboratory Electric Furnaces, 
page 505. The crucible is placed on a ni-chrome triangle support 
bent so as to keep the bottom of the crucible clear of the floor 
of the furnace. 

Fixed Carbon and Ash . — The residue remaining in the crucible 
after the determination of the volatile matter is heated to a dull 
red and maintained at this heat until all carbon is burned away. 
The operation can be facilitated by supporting the crucible in a 
slanting position with the lid only partly covering it. Also 
occasional stirring of the mass in the crucible, using great care to 

*The electric muffle is ventilated by a regulated stream of air drawn 
from the compreesed-air pipe. 



474 


THE TESTINQ OF COAL 


prevent loss of th^ ash, will expedite the removal of the carbon. 
When the aeh has assumed a uniform gray or reddish color free 
of £<U black material, thr- crucible is transferred to a desiccator, 
ctioled and weighed. 4 The loss of weight due to this removal of 
carbon is calculated to percentage as fixed carbon, on a basis 
of 1 gram. 

The ash found in the fixed carbon determination can be 
calculated as such to percentage or the ash can be gotten on a 
separate 1 gram sample. The freshly weighed sample is at first 
smoked off on a Bunsen burner as described in the determi- 
nation of the volatile matter. The crucible is then raised to a 
dull red heat after all smoking is over and the heating is continued 
as already described. The extensive preliminary report of the com- 
mittee above mentioned can be found in the Journal of Industrial 
and Engineering Chemistry, Vol. 5, No. 6 , pages 517-528. 

Heat Units.— Any of the well-known calorimeters can be used 
for this work. As the details of the operations of the instruments 
are always furnished with the latter, it seems quite unnecessary 
to repeat them here. The author would recommend that operator 
check his work and the instrument against some convenient 
material of known heat units. For this work the author has a 
standard coal powder on which the heat units were determined 
by the U. S. Bureau of Standards and a sample of the standard 
benzoic acid which is also furnished by the same institution for 
a small fee. The checking should be done at frequent intervals 
during the operationi of the calorimeter. 

Sulphur. — Grind together in an agate mortar 4 grams of 
magnesia and 2 grams of sodium carbonate until an intimate 
mixture of these materials is obtained. Mix thoroughly with 
four-fifths of this mixture 1 gram of the finely powdered coal 
in a platinum or porcelain crucible. Then put the other one- 
fifth of the mixture as a layer on top of the mixture of coal 
powder, magnesia and sodium carbonate. Place the crucible in 
an inclined position over the low flame of a Bunsen burner. 
Move the flame slowly back and forth under the crucible until 
it is very gradually brought to a low red heat on the bottom, 
and the mixture glows faintly under the top layer, as can be 
ascertained by giving the mass a slight stir with a ni-chrome 
wire. Continue this low heating until all black due to carbon 
is gone. Stir the mass at intervals. 
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Transfer the residue in the crucible, when the carbon is gone^t j 
to a casserole. Rinse out the crucible with about 40 c.c. of 
water,* adding the rinsings to the residue in the casserole. Add 
70 c.c. pf bromine water to the casserole, cow it with a watch 
glass, boil ten minutes, remove the cover, add 50 c.c, of cone. 
HCl and evaporate to drynes^. (?ool, add 20 c.c. of cone. HCl, 
heat, add 100«c.c. of water, filter out any insoluble matter and 
wash with dilute HCl. Dilute the filtrate and washings to 300 c.c. 
Heat to boiling and add 25 c.c. of a saturated solution of barium 
chloride diluted with 75 c.c. of water. Let the barium sulphate 
settle for several hours, preferably overnight. Finish as in 
gravimetric sulphur in steels. 

For a check the operator can carry through the factor weight 
as recommended by the before mentioned committee. The 
above is a modified form of the Eschka method. Blanks should 
be carried through all of the above operations and deducted. 

For a checlc method 1 gram of the powdered coal can be fused 
in the calorimeter bomb with sodium peroxide and potassium 
chlorate per directions given with the calorimeter. Also 0.5 gram 
of coal can be fused in a platinum crucible with a mixture of 15 
grams of sodium carbonate and 5 grams of potassium nitrate, 
dissolved out in water, transferred to a casserole, acidulated 
\ ith HCl and finished as in the Eschka method. A further 
check method is to fuse 0.5 gram of the powdered coal with 
a mixture of 15 grams of sodium peroxide and 7.5 grams of 
sodium carbonate in an iron crucible. Th^ melt is dissolved 
out in water, acidulated with HCl and finished as in the other 
methods. 

The barium sulphate, obtained by any of the methods given, 
must be moistened with a few drops of dilute sulphuric acid 
after it has been ignited free of carbon. It is then ignited again 
to free it of the excess of the sulphuric acid. This insures . 
against the presence of barium sulphite due to the reducing 
action of the burning filter paper. 

Phospkonis.—Ohtadn the ash from 1.63 grams of the coal by 
burning the same on a low flame in a 20 gram platinum crucible. 
Fuse the ash with twenty times its weight of sodium carbonate 
and 0.100 gram of niter. Dissolve oUt the fusion with water, 
and transfer it to a casserole and acidulate with HCl, keeping 
the casserole covered to avoid loss. Heat until all spraying is 
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over; evaporate to dryness, cool, redissolve by first heating with 
10 c.c. of cone. HCl. Add 50 c.c. of water. Heat, filter, add a 
few drops of ferric chloride solution unless there is enough iron 
present to give a re«! precipitate with ammonia in the filtrate and 
washings. . Wash the ammonia precipitate a few times with water 
and then dissolve it off the filter with 20 c.c. of 1.20 nitric acid. 
Use the acid hot and pour it back on the filter until all of the 
iron hydroxide, which will carry all of the phosphorus, is dis- 
solved off the filter. Wash the filter with some 1 : 40 nitric acid 
about twenty times or until the washings do not give an appre- 
ciable iron test with KCNS. Evaporate the filtrate and wash- 
ings to 15 c.c. Add 15 c.c. of water, boil with a slight excess of 
KMn 04 solution, clear the excess of manganese oxide away with 
ferrous sulphate, add molybdate to the hot solution and finish 
as in steel. 

Those who are interested in more elaborate details arc referred 
to the preliminary report of the committee already referred to, 
or to Technical Paper No. 8 of the Department of the Interior, 
Bureau of Mines, Washington, D. C., Entitled Methods of 
Analyzing Coal and Coke, by Frederick M. Stanton and Arne C. 
Fieldner. The authors also give the method they use for the 
determination of nitrogen in coal. The preliminary report of the 
Committee on Coal Analysis can be found in Vol. 5, No. 6, of 
the Journal of Industrial and Eng. Chemistry. 

Coke Analysis. — Carbon . — The author determines the total 
carbon, as in the analysis of graphite, by burning 0.200 gram of 
the coke in the electric combustion furnace. 

The sulphur is obtained by fusing 0.5 gram of the coke in an 
iron crucible with 15 grams of sodium peroxide mixed with 10 
grams of sodium carlwnate. The fusion is then dissolved out 
with water and finished as given for sulphur in coal. 

The ash is obtained as in coal. 

The Determination of Sulphur in Crude Petroleum 

Method No. 1. — The steel chemist is occasionally called 
upon to report on the sulphur content of crude oil. The 
following methods check nicely: Make an intimate mixture 
of 15 grams of dry sodium peroxide and 75 grams of sodium 
carbonate. Place about two-thirds of this mixture in an iron 
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crucible. Stir into it 0.2 gram of the oil. Do not use over 
0.3 gram of the oil or it will explode when the heat is applied. 
Then put on the top of the oil and the I^a 202 H“Na 2 C 03 mixture, 
the balance of the Na202 and sodium can3onate. Then apply 
heat gently until the reaction# is over. Then heat until the 
flux is melted; dissolve out the fusion; acidulate it with HCl; 
evaporate; take up in HCl and water; filter and precipitate the 
sulphuric acid formed with barium chloride, and finish the sulphur 
in the usual way. 

Method No. 2. — Place 1 gram of potassium chlorate, 0.2 gram 
of benzoic acid, and 15 grams of sodium jx'roxide in the cartridge 
of a Parr or other calorimeter. Stir into this 0.2 gram of the 
oil until the mixture is complete. Then fire the mixture as in 
a heat unit determination. This method is given by Parr. 
Finish as in Method No. 1. 

An oil that gave very high sulphur steel when it was used as 
fuel in the open hearth furnace showed the following sulphur 
by the two methods: 



No 1 Method 

No 2 Method. 


IVr ('“ut 

Per Cent 

Sulphur 

3 89 

3 70 



3 71 



CHAPTER XX 


Part I 


THE PERCENTAGE REDUCTION OF A SUBSTANCE IN SOLUTION 
TO ANY DESIRED PERCENTAGE 


Let P = the percentage of the substance in the concentrated 
solution ; 

p=the lower and desired percentage of the substance; 

A = the specific gravity of the concentratecj solution; 

W = the amount of water necessary to add to 1 c.c. of the 
cone, solution to reduce it to the desired lower per- 
centage. 

Then If = 


Calculations , — Suppose the specific gravity of a given sample 
of nitric acid is found by means of a hydrometer to be 1.400 at a 
temperature of 20"^ C. By table No. 1 we find that the difference 
in specific gravity for 1° C. between 1.37 sp. gr. and 1.405 is from 
0.0013 to 0,0014, or a total difference of 0.0001 for a variation of 
0.035 in specific gravity. Now 1.400 is 0.030 above 1.37 in specific 
gravity, therefore the correction for 1° at 1.400 is 0.0013 
of 0.0001, or 0.0013 +0.000085, or 0.001385. Since the tem- 
perature was 20°, then the specific gravity of the given acid if 
cooled to 15° would be 1.40+0.00138X5, or 1.4069. By the 
table we find that the nearest specific gravity, or 1.405, gives a 
percentage of 66.40. Further, the percentage correction at this 
point for 0.001 of specific gravity is 0.220. Therefore,, the 
percentage of the given concentrated acid at 15° would be 66.40+ 
0.220X 1.9, or 66.4+0.418, or 66.^18, or P in the reduction formula. 

For example, if it is desired to reduce this 66.818 per cent 


acid at 15° to 32 per cent acid at 15°, then we have 


66.818-32.00 

32.00 


X . 
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1.4069, or 1.4069, or 1.088X1.4069, or 1.530, or every c.c. 

of thpe acid requires 1.5307 c.c. of wate» to reduce it to 32 per 
cent at 15° C. By consulting table No. 2^it will be seen that 
1000 c.c. acid of 1.407 specific gravity requires 1531.8 c.c. of* 
water to reduce it to 32 per cent^acid at 15° C. 

In like manner, if it is required to obtain 20 per cent acid from 

66.818 per cent acid: 1.4069, or X 1.4069, 

or 2.3409X1.4069, or 3.2934. That is, 1 c.c. of 66.818 per cent 
acid requires 3.2934 c.c. of water to dilute it to 20 per cent acid 
at 15° C. 

Use of Table No. 2. — Having by means of ^'able No. 1 calcu- 
lated the observed spccihc gravity to 15°, then from Table No. 2 
the amount of water required to reduce such an acid to 32 per 
cent or 20 per cent is roi^d cither direct or by interpolation. 

In a similar way one can reduce concentrated ammonia to any 
desired lower percentage, the only difference Ix^ing that in cal- 
culating to 15° C. the correction for percentage is subtractive 
instead of additive as in the case of acids, the reason, of course, 
being that the greater the density of ammonia solution in water, 
the lower the percentage of NH3 therein. 

If one needs to prepare from concentrated ammonia an 11.50 
per cent solution, first, dilute 2 parts of the former with 1 part 
of water and cool to the room temperature. Let the reading 
be 0.9385 at 23° C. The correction for 1° 0. at 0.938 by Table 
No. 3 is 0.0004 for specific gravity. The total correction for 
the 8° is 0.0004X8, or 0.0032. The specific gravity of the 
ammonia at 15° is therefore 0.9385-1-0.0032, or 0.9417. By the 
table the nearest lower specific gravity is 0.940, which corre- 
sponds to 15.63 per cent ammonia. The percentage correction 
for 0.001 of specific gravity at this point is 0.295. Therefore, 
the total correction is 0.295X1.7, or 0.5015. Hence, the per- 
centage for a specific gravity of 0.9417 is 15.63-0.5015, or 
15.^285. To reduce this percentage to 11.50 the formula gives 
the following: 

l^:—X0.9417 = 0.297, 

11.50 

or 1 liter of this ammonia would require 297 c.c^ of water to 
dilute it to 11.50 per cent at 15° C. 
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TABLE I.— AQUEOUS SOLUTIONS OF NITRIC ACID 

From a Tabic by Lunge and Rey. Specific Gravities and Percentages HNOj. 


Specific 

Gravity, 

Percent- 

age 

HNOi. 

piffei;''nce 
in Specific 
Gravity 
for 1°C. 
between 
13° and 
17°. 

Difference 
in Per- 
centage 
for 0 001 
Specific 
Gravity. 

Specific 

Gravity 

Percent- 

aT:e 

UNO*. 

Difference 
in Specific 
Gravity 
for 1° C 
between 
13° and 
17°. 

Difference 
in Per- 
centage 
for 0 001 
Sfiecific 
Gravity. 

1.055 

9,84 

0 0003 


1.280 

44.41 

0 0009 

0.154 

1 060 

10 r 68 

0 0003 

0 168 

1.285 

45.18 

0 0010 

0 1,54 

1.065 

11 51 

0 0003 

0.166 

1 290 

45.95 

0 0010 

0 1.54 

1.070 

12 33 

0 0003 

0 164 

1 295 

46 72 

0 0010 

0 . 1.54 

1.075 

13.15 

0.0004 

0 164 

1 300 

< 17.49 

0 0010 

0 1.54 

1.080 

13.95 

0.0004 

0 160 

1.305 

48 26 

0 0010 

0 1.54 

1.085 

14.74 

0.0004 

0.158 

1.310 

49 07 

0 0010 

0 162 

1.090 

15 53 

0.0004 

0.158 

1 315 

49 89 

0 0011 

0 164 

1 095 

16 32 

0.0004 

0.158 

1.320 

50 71 

0 0011 

0 164 

1.100 

17.11 

0.0004 

0 158 

1.325 

51 53 

0 0011 

0 164 

1.105 

17 89 

0.0005 

0.156 

1 330 

52 37 

0 0011 

0 168 

1.110 

18.67 

0.0005 

0.156 

1 335 

53.22 

0 0011 

0 170 

1.115 

19 45 

0 0005 

0.156 

1.340 

54 07 

0 0011 

0 170 

1 120 

20.23 

0 0005 

0.156 

1 345 

54 93 

0^0011 

0 172 

1 . 125 

21.00 

0.0005 

0 154 

1 350 

55 79 

0 0011 

0 172 

1 130 

21.77 

0 0005 

0 154 

1 355 

56 66 

0 0012 

0 174 

I 135 

22 54 

0 0006 

0 154 

1 360 

57 57 

0 0012 

0 182 

1 140 

23 31 

0 0006 

0 154 

1 365 

58 48 

0 C 012 

0 182 

1 145 

24 08 

0 0006 

0 154 

1 370 

59 39 

0 0013 

0 182 

1.150 

24.84 

0.0006 

0 152 

1 375 

60 30 

0 0013 

0.182 

1 . 155 

1 25.60 

0 0006 ! 

! 0 152 

1 380 

61 27 

0 0013 

0 191 

1.160 

26 33 

0.0006 1 

1 0 152 

1 385 

62 24 

0 0013 

0 194 

1.165 

27 12 

0.0007 

0 152 

1 390 

63 23 

0 0013 

0 198 

1.170 

27 88 

0 0007 

0.152 

1 395 

64 25 

0 0013 

0 204 

1.175 

28 63 

0.0007 

0 150 

1 400 

65 30 

0 0013 

0 210 

1.180 

29 38 

i 0 0007 

0 150 

1 405 

66 40 

0 0014 

0 220 

1 185 

30.13 

0 0007 

0 150 

1 410 

67 ,50 

0 0014 

0 220 

1.190 1 

30 88 

0 ( h 07 

0.150 

1 415 

68 63 

0 0014 

0 226 

1.195 

31 62 

0 0007 

0 150 

1 420 

69 80 

0 0014 

0 234 

1.200 

32 33 

0.0007 

0 148 

1.425 

70 98 

0 0014 

0 23 ) 

1.205 

1 33 09 

0 0008 

0 146 

1 430 

72 17 

0 0014 

0 238 

1.210 

33 82 

0 0008 

0.146 

1.435 

73 39 

0.0014 

0 244 

1.215 

31.55 

0 0008 

0 146 

1 440 

74 68 

0.0015 

0 2.58 

1.220 

35.28 

0 0008 

0 146 

1 445 

75 98 

0 0015 

0 260 

1.225 

36.03 

0.0008 

0.150 

1.450 

77.28 

0.0015 

0 260 

1.230 

33.78 

0 0008 

0 150 

1.455 

78.60 

0 0015 

0 264 

1.235 

37.53 

0 0008 

0 150 

1.460 

79.98 

0 0015 

0.276 

1.240 

38 29 

0 0008 

0 152 

1.465 

81.42 

0 0015 

0 288 

1.245 

39 05 

0 0008 

0 152 

1 470 

82.90 

0 0015 

0 296 

1.250 

30 82 

0 0009 

0.154 

1.475 

84.45 

0 0015 

0 310 

1.255 

40 58 

0.0009 

0 152 

1.480 

86 05 

0 0015 

0 320 

1.260 

41 34 

0 0009 

0.152 

1.485 

87.70 

0 0015 

0 330 

1.265 

42.10 

0.0009 

0.152 

1.490 

89.60 

0 0015 

0.420 

1.270 

42.87 

0.0009 

0.154 

1.495 

91 60 

0 0016 

0.400 

1.275 

43.64 

0.0009 

0.154 

1.500 

94.09 

0.0016 

0.498 
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TABLE IL— DILUTION OF CONCENTRATED NITRIC ACID 

To 20 and 32 Per Cent 


Specific 
CJravity 
UNO* 
at 15’=’ C 

Water Added to 
1000 c c. 

i 

Variation 
in Weight, 
Water for 
1° C 

Specific 

Cravity 

^HNO* 

It 15^ C 

WAfER Added to 

1000 CO 

Variation, 
in Weight, 
Water for 
1° C. 

20 Per 
Cent 

32 Per 
Cent 

20 Per 
Cent 

.32 Per 
Cent 

1 395 

3086 4 

1405 9 

1 38 

1.433 

3790 5 

1831 7 

1 88 

1 396 

3103 3 

1415 8 

1 39 

1 434 

3810 6 

1843 9 

1 90 

1 397 

3120 2 

142.5 7 

1 40 

1 435 

3h;io 7 

18,56 1 

1.91 

1 398 

31.37 1 

1435 7 

1 41 

1 436 

3852 0 

1869 0 

1 92 

1 399 

31.54 0 

1445 6 

1 42 

1 437 

3873 3 

1881.9 

1 94 

1 400 

3171 0 

1456 9 

1 43 

1 438 

3894 6 

1894 8 

1.96 

1 401 

3188 7 

1467 1 

1 41 

1 439 

3915 9 

1<K)7 7 

1 98 

1 402 

3206 4 

1477 4 

1 46 

: 1 440 

3937 0 

1920 6 

2 00 

1 403 

3224 1 

1487 6 

1 47 

' 1 441 

3958 5 

1933 7 

2 02 

1 404 

3241 8 

1497 9 

1 48 

' 1 442 

3980 0 

1946 8 

2 03 

1 405 

3259 6 

1510 4 

1 49 

1 1 443 

4001 5 

19.59 9 

2 05 

1 40() 

3277 8 

1,521 1 

1 50 

1 1 444 

4023 0 

1973 0 

2 m 

1 407 

3295 5 

1531 8 

1 52 

* 1 415 

4044 6 

1986 0 

2 07 

1 408 

3313 2 

1542 5 

1 .53 

1 1 44() 

406i 2 

1999.2 

2 09 

1 409 

3330 

15.53 2 

1 55 

1 447 

4087 8 

2012.4 

2 10 

1 410 

3318 8 

1564 2 

1..57 

1 448 

4109 4 

2025 6 

2 11 

1 411 

33157 2 

1575 3 

1 58 

1 449 

4131 0 

2038 8 

2 12 

1 412 

3385 6 

1586 4 

1 59 

1 4.50 

41.52 8 

2051.8 

2 13 

1 413 

3404 0 

1597 5 

1 60 

j 1 451 

417.5 1 

2065 2 

2 15 

1 414 

3422 4 

1608 6 

1 61 

' 1 4.52 

4197 4 

2078 6 

2 17 

1 415 

3440.6 ; 

1619 7 

1 62 

1 4.53 

4219 7 

2092 0 

2 19 

1 416 

3459 6 

1631 2. 

1 63 

1 4.54 

4242 0 

2105 4 

2 21 

1 417 

3478 6 

1642 7 

1 65 

1 455 

4263 2 

2118 8 

2 22 

1 418 

3497 6 

16.54 2 

1.66 

1 4.56 

4286 3 

2132 9 

2 24 

1 419 

3516 6 

1665 7 

1 68 

' 1 4.57 

4309 4 

2147.0 

2 25 

1 420 

3.535 8 

1677 4 

1 70 

1 458 

4332 5 

2161 1 

2 26 

1 421 

3.555 1 

1689 1 

1 70 

1 4.59 

4355 6 

2175 2 

2 27 

1 422 

3.574 4 

1700 8 

1 70 

1 460 

437^5 

2189 1 

2 28 

1 423 

3.593 7 

1712 5 

1.70 

1 461 

4402 6 

2203 7 

2 30 

1 424 

3613 0 

1724 2 

1.70 

1.462 

4426 7 

2218 3 

2 32 

1 425 

3632 3 

1735 8 

1 72 

1 463 

4450 8 

2232 9 

2 34 

1.42G 

3651 9 

1747.6 

1 72 

1 464 

4474 9 

2247 5 

2 36 

1 427 

3671 S 

1759 4 

1 74 

1 465 

4499 0 

2262 3 

2 38 

1 428 

3691 1 

1771 2 

’ 1 77 

1 466 

4523 8 

2277 5 

2 41 

1 429 

3710 7 

1783 0 

1.79 

1 467 

4548 6 

2292 7 

2 44 

1 430 

3730 2 

1795 1 

1 82 

1 468 

4573 4 

2307 9 

2 47 

1 431 

3750 3 

1807 3 

1 84 

1.469 

4598 2 

2323 1 

2.50 

1 432 

3770 4 

1819 5 

1.85 

1.470 

4623.2 

2338 3 

2.55 


For further illustration, suppose it is necessary to obtain the 
percentage of ammonia corresponding to a specific gravity of 
0.947 at 22°, The correction for specific gravity per 1° of 
temperature at the nearest point in the table (0.946) is 0,00036. 
As the reading was taken 7° above the 15°, then the total cor- 
rection is 0.00036 X 7, or 0.0C252, and the corrected reading is 
0.947+0.00252, or 0.9495. The nearest lower specific gravity in 



482 THE PERCENTAGE REDUCTION OF SOLUTIONS 


Table No. 3 is 0.918, being equivalent to a percentage of 13.31. 
Now the correction for percentage at this point is 0.285 for every 
0.001 of specific gravity. The total correction is 0.285 XT. 5, or 
0.427. The percentage of the ammonia for 0.9495 at 15° is 
13.31 — 0.427, or 12.88 per ceqt. 


TABLE III.—SPECIFIC GRAVITIES OF AMMONIA SOLUTIONS 

Lunge and Wiermk, 


Specific 
Gravity 
at 15° C 

Per Cent 
NHi 

Difference 
in Specific 
Gravity 
forl°C. 

Difference 
in Per Cent 
fi.r 0 ()01 
Specific 
Gravity 

0 980 

4.80 

0.00023 

1 

0 978 

5 30 

0 00023 

6!250 

0.976 

5.80 

0 00024 

0 2.50 

0 974 

6 30 

0 00024 j 

O 250. 

0 972 

6 80 

0.00025 

0.250 

0 970 

7 31 

0 00025 1 

0 255 

0 968 

7.82 1 

0.00026 

0.2.55 

0 966 

8 33 

0 00026 

0 255 

0 964 

8.84 

0 00027 

0 255 

0.962 

9 35 

0 00028 

0 255 

0 960 

9 91 

0.00029 

0 280 

0.958 

10 47 

0 00030 

0 280 

0 956 

i 11.03 

0 00031 

0:280 

0 9.54 

11 60 

0 00032 

0.285 

0 952 

12 17 

0 00033 

0 285 

0.950 

12 74 

0.00034 

0 285 

0 948 

13 31 

0 00035 

0 285 

0.946 

13 88 

0 00036 

0 285 

0 944 

14.46 

0.00037 

0 290 

0.942 

15.04 

0 00038 

0 290 

0 940 

15 63 

0.00039 

1 0.295 

0.938 

16.22 

0.00040 

0.205 

0.936 

16 82 

0 00041 

0 300 

0 934 

17 42 1 

0 00041 

0 300 

0.932 

18 03 1 

0.00042 

0.305 


Snecific 
Gravity 
at 1.')° C 

Per Cent 
NHi 

Difference 
in Specific 
Gravity 
for 1° C 

Difference 
in Per Cent 
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18 

64 
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19 

25 
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19 

87 

0 00044 
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20 

49 
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21 

12 

0 00046 

0 315 

0 920 

21 

75 

0.00047 
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22 

39 

d * 00048 

0 320 

0 916 

23 

03 

0.00049 

0 320 

0.914 

23 

68 

0 000.50 
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0 912 

24 

33 

0 00051 

0 325 

0 910 

24 

99 

0 00052 
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0 908 

25 

65 

■0 00053 

0 330 

0 906 

26 

31 

0 00054 

0 330 

0 904 

26 

98 

0 00055 

0 335 

0 902 

27 

65 

0 00056 

0 335 

0 900 

28 

33 

0 00057 

0 340 

0 898 

29 

01 

0 00058 

0 340 

0 896 

29 

60 

0 00059 

0 340 

0 894 

30 

37 

0 00060 

0 340 

0 892 

31 

05 

0 00060 

0.340 

0 890 

31 

75 

0.00061 

0.350 

0 888 

32 

50 

0 00062 

0 375 

0 886 

33 

25 

0 00063 

0 375 

0 884 

34 

10 

0 00064 

0 425 

0.882 

34, 

95 

0.00065 

0.425 



CHAPTER XX 


Part II 

PLAN AND VIEWS OF CHEMICAL LABORATORY FOR STEEL WORKS 
PRACTICE 

The working drawings show an extension planned by the 
author, and added to the laboratory of the Park Works of the 
Crucible Steel ('o. of America. (Pages 484 and 490 ) 

Central Rouble tables are located at D, />), and single side 
tables at H, F, Ey J, Z, and a single center one at (7, Fig. 39-1. 
Tables D, D, and E are supplied with gas at 8-oun(^e pressure, 
compressed air at about 80 pounds and water as shown. At 
the small deep stone sinks on the (‘nds of the tables are brass 
water power pumps. Illustration 20, page 298, gives a view of 
one of these suction outfits where four chromium-vanadium tests 
can be filtered through porous alundum thimbles, connected to 
one pump by means of a glass manifold. The circles represent 
the large wash bottles that are placed on hi^h pedestals. 

View 40 shows these bottles above the tables. No. 41 shows 
t'^e hoods. The halves of D, D, Fig. 39-1, facing the center 
aisle are used for combustion work. There is abundant room 
for eight outfits, four on each half. View 42 shows four combus- 
tion furnaces with trains. The other halves of I), 1), are for 
general analytical work and serve the hoods C and H, P'ig. 39-1. 

All hoods are equipped with water and extra luaivy lead waste 
pipes for condensers. View 43 shows one of these brass water 
cocks of which there are two in each division of the hoods. View 
43* also shows the way in which the gas is distributed to the 
various burners from gas cocks concealed in the hood cupboards 
below. All working surfaces of the hoods and the tables are 
covered with stone slabs. All heating apparatus is placed on an 
upper slab set on wooden cross pieces leaving an air space of 
about li inches. This removes danger of the stone slabs being 
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View 40 . 
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View 42. 




View 44 , 
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cracked by radiated heat. The back waits of hoods are of acid- 
proof brick with a white surface as shown in Views 41, 43, 44. 
The latter show the way the hoods are fitted with sliding doors 
and are framed with cabinet-finished straifjht-sawed oak. Tlie 
sliding doors the author has found to be far superior to any 
others. The hoods along the \\%lls of th(' laboratory are much 
to be preferred to center hoods. The latter cut off the light, do 
not have a good draught and cannot be backed with acid-proof 
material. Again the center hood is peculiarly subject to dirt 
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dropping from its upper parts and its flues. If bits of mortar 
drop from flues, slanting sash can be set up as shown in the 
hood at the rear of View 44. These frames are supported on 
iron rods and can be removed in a few moments when it is 
desired to clean out the hoods. All tables, hoods, and exposed 
floor lines have stone baseboards to prevent the marring of 
the woodwork when the floors are mopped or scrubbed. The 
large sinks near the doorways are made of heavy acid-proof 
stoneware. The nipple at the outlet of the sink fits into a terra- 
cotta sewer via a trap of the same material. All joints are 
caulked with oakum and on top of the latter is poured hot 
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asphaltum. The sinks of this description arc practically inde- 
structible. Fig. 45 gives the author’s design and dimensions 
of this acid- and alkali-proof sink. The ^^nver from such a sink 
should never lead away from it in a horizor^al direction. The 
terra-cotta sewer from any sink into which acid, alkali, or any 
corrosive waste is poured should ftrop vertically to the basement 
to prevent stoppages and leaks. To prevent broken glass and 
other odds and ends from getting from the sink into the sewer, 
a false bottom of oak, perforated with one-quarter inch holes, 
should be provided. To prevent the pitch from running out of 
the joints in hot weather, it is safer to finish off the joints with a 
final layer of cement plastered firmly on top of the pitch; it is 
absolutely necessary to do this when it is impossible to avoid 
placing a length or two of pipe horizontally. 

The elevation of the balance table used in room 5 is shown 
in the drawing at H — 1, Fig. 39-2, page 484. The elevations of 
the hoods and tables in rooms Nos. 4, 5, and 6 are given at 
A— 1, 5—1, C— 1, D~l, 5—1, F— 1, a—\, 7—1, and J— 1, 
respectively (vsee Figs. 39-2-3). 

The stone tops of all of the work tables are covered with sheet 
rubber packing of about one-eighth' imdi thickness. This mate- 
rial makes a nice appearance and prevents considerable breakage 
of glassware. 



CHAPTER XX 


Part III 


MICROSCOPIC EXAMINATION OF STEEL 

Preparation of Samples.— The author gives the following to 
save much time reading the long list of works on this subject 
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published in the United States, England, and France for those 
of his readers who are novices in the microscopic examination 
of steel. The routine of the work is given in minute detail 
because success in this line of steel testing and study requires 
much painstaking attention for success. Imperfect polishing 
may put small depressions and irregularities in the specimen 
that render the microphotograph misleading. 
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For this work it is necessary to have several cutting-off 
machines. A power hack saw is required for cutting soft steel 
and*anncale(l steel. The Starrett hack* saw with 14-inch blade 
answers very well for (*utting soft steel s|1eciniens or annealed 
steel (Photo 46). ^ 

For cutting hardened steel, Wilmarth Morgan No, 1.20 
surface grinder equipped with alundum elastic cutting wheels 
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12 inches diameter, ^ inch thick by inches, grit 24, grade O, 
running at 1500 r.p.m., will speedily cut through the hard high- 
speed steel. See Photo 47. 

The section to be examined is cut from the piece submitted 
with power hack saw, if it is soft st(;el; grind off sharp edges 
and rough spots that are liable to hold fine particles of grit on a 
carborundum wheel. A convenient stone for this operation is 
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an 8-inch diameter by 1 inch thick, grit 80, Grade G-5 (Carbo- 
rundum Co/s make). See Photo 48. 

It is also necessary to have a two-wheel machine for this 
carborundum wheel.* The surface to be polished is held against 
the side of this carborundum grindstone until the scratches of 
the previous cutting are removed. With every change of position 
during the cutting, the piece should be turned so that the new 
scratches will be at right angle to the previous ones. See 
Photo 48 for two-wheel machine. 



Photo 48 . 


It is next held against a wheel covered with No. F Aloxit cloth 
(made by the Carborundum Co.) glued on a backing of a fiber 
board, screwed to a metal wheel disk on the two-wheel grinder. 
The scratches from the grindstone are held against the cloth 
until all scratches are gone. Also an endless belt polisher is 
very desirable at this stage. See Photo No. 49. It is next 
rubbed back and forth on No. 1 Hubert paper (French emery 
held by mucilage on plate glass). It is then further rubbed by 
hand on Nos. 0, 00, 000, French emery paper, if necessary. It 
is not always required to use all these grades of the Hubert paper. 

As the cutting paper becomes finer the pressure on the piece 
should be lessened and care must be taken that no grit or dirt 
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gets on the paper while rubbing the sample on it. After the 
final hand rubbing on No. 000 paper has been finished the piece 
is ready for the canvas wheel and carborundum mixture. The 
canvas wheel travels at 1275 r.p.m. See Plioto No. 50. 



Photo 49. 

This wheel is made by stretching canvas over a brass disk 
and tying it to the wheel. The polishing medium is made as 


follows : 

* Carborundum (60 minutes) 300 gms. 

Water 2400 c.c. 

HNO 3 concentrated 20 c.c. 


Mix in a large bottle (3000 c.c.) and allow to stand till the 
liquid is clear or very nearly so. By means of a siphon draw off 
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the supernatant liquid and discard it. Fill the oottle with 
water again to the same mark and allow to stand. When clear or 
nearly so, vsiphon and dir, card the top liquid as before; and sO on, 
until free of acid, op until supernatant li(|uid retains a milky ap- 
pearance. -This indicates the removal of all of the acid. Decant 
this cloudy liquid. 

Fill the bottle again with water to the mark and shake 
thoroughly. Make the mixture very faintly ammoniacal. Shake 



Photo 50 

it and let settle for ten minutes, siphon ofT the liquid to within 
about three-foui’ths inch from the bottom. 

Keep this part just siphoned; shake it well and allow it to 
settle fifteen minutes. Siphon off the top liquid again, and 
keep the bottom mixture, which is the desired part. 

For use dilute this bottom layer with about 10 parts of water. 
To use apply it to the center of the revolving canvas-covered 
wheel with a wash bottle. The sample is held lightly against 
the canvas. The canvas wheel has a copper guard which 
catches the excess polishing mixture and drains same away. 

Buffing or Final Polishing— A French felt, 10-inch jeweler's 
buffing wheel is used for this operation. Wheel travels at 1275 
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r.p.m. The felt wheel is also eoeasod in copper guards to catch 
excess moisture and drain same ofT. The felt is coated with 
alumina-castile soap mixtun^ made as fol^nvs: 


Aluminum oxide 300 gms. 

Water . . . . \ 2400 c.c. 

KNO 3 20 c.c. 


Mix in a 3-liter bottle and allow to settle till almost clear, 
taking about twenty-four hours. Siphon olT th(‘ top liquid, fill 
again with water and repeat the operation after settling. Fill 
up again with water to 3 liters make very faintly ammoniacal. 
Shake thoroughly and set aside for tift('(m minut(\s. 44ien siphon 
off and discard the sludge. Shake the siphoned fluid and set 
aside for thirty minutes. Siphon o(f the top liquid and keep the 
residue on the bottom which is of the desired fineness. This part 
is added to a^olution made by dissolving 100 grams castile soap 
in 800 c.c. wat(‘r, boiling the mixture of soap and alumina. 

This mixture is applied to the f(‘lt wlu'el from a wash bottle. 
In polishing the piece it should be held very lightly against the 
wheel until all scratches are gone and th(‘ surface has a mirror- 
like appearance. The polished piece must be washed in running 
water and dried on a soft towel and is then ready for the micro- 
scope for examination and to be photographed for cracks and 
honeycombed structure (minute round cavities due to gas en- 
trapped during the freezing of the metal). These are found in 
steel that has not been thoroughly killed before casting. Also slag 
enclosures and oval segregations of manganese sulphide are best 
shown in the unetched photograph. 

On the microscope table a small wood block covered with the 
best grade of chamois skin should be at hand for rubbing dust 
particles or finger marks from the polished surface, immediately 
before microscopic examination. 

The Etched Photograph. — The rnicrostructure of the carbides, 
ferrite, pearlite, cementite, martensite, and austenite; and transi- 
tion bodies such as sorbite and troostite arc brought out by 
etching with various solutions. A good etching medium is 1 c.c. 
of cone, nitric acid mixed with 10 c.c. of absolute alcohol. Hard- 
ened steel is held in this solution from fifteen to thirty seconds. 
Then washed off in alcohol alone and blown dry at once with 
compressed air filtered through a large bottle filled with glass 
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wool. Unhardened steel etches more rapidly and is held in the 
etching solution for from one second to thirty seconds, depending 
on the kind of steel. 

Picric Etch. — Make a solution of picric acid in alcohol 10 grams 
dissolved*in 100 c.c. of alcohol.^ To this add an equal volume of a 
solution of 2 c.c. of cone, nitric acid dissolved in 98 c.c. of alcohol. 

Rosenhain’s Reagent to Detect Phosphorus Segregation. — 
Dissolve 30 grams of ferric chloride, 100 c.c. of HCl, 1 gram of 
cupric chloride, and 0.5 gram of stannous chloride in 900 c.c. of 
water. For further details of etching solutions consult The 
Microscopic Analysis of Metals, by Osmond and Stead; Sauveur’s 
Metallography of Iron and Steel, and the numerous other works 
on this subject. 

Photographing of Samples.— Focwsingi Specimens . — The author 
uses the Ldtz cainera. See Photo No. 51. The specimens to 
be photographed should be placed on the table aboye the objective 
and the little arc light adjusted until the light is evenly distributed 
over the entire field. This is an important operation, as unde- 
sirable shading on the plate will occur unless each part of the 
field receives the same intensity of light. By means of the rack 
and pinion on the table bring the section to be photographed 
in the center of the field, after getting the correct focus. The 
field now is just as the finished photograph will appear. 

Consult the chart showing the camera extension in centi- 
meters, using the various eyepieces and objectives. For the 
ordinary work use (eyepiece No. 2 and objective No. 3, the 100 
diameter magnification requires the camera to be extended 
68.5 cm. Pull out the eyepiece, which then allows the reflected 
light from the specimen to go through the camera and strike on 
the ground-glass plate in the back of the camera. Examine the 
figure closely to see that the picture is properly focused and the 
light evenly distributed. The light from the arc, if used directly, 
is entirely too strong, so a light filter must be used. Best results 
are obtained by using a green glass filter No. “B.” Place the 
filter in the slot in the back end of the large condensing* lens. 
Examine the image again on the ground-glass screen and then 
by means of the shutter on the condensing lens, cut off the 
light. 

From the dark room get the plate holder containing the plate 
with the sensitive side of the plate next to the slide. Very 
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carefully, so as not to disturb the position of the specimen, 
remove the ground-glass plate and insert the plate holder. 

Exposure of Plate . — Pull out the slide on the pl.Ue holder, 
and with a stop watch at hand open the shutter on the con- 
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densing lens, at the same instant starting the watch. The time 
allowed is a very important feature and must be estimated by 
several factors, namely, light intensity, nature of the piece being 
photographed, the kind and type of plate used, and the result 
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to be produced. Unetched pieces require much less time for 
exposure than etched ones, as they reflect more light. 

For our work we {ire at present using Wratten and Wain- 
wright ‘‘M” plates, made by the Eastman Kodak Co. These 
plates require about ten seconds' exposure for unetched specimens 
and about twenty-five seconds for etched ones. During the time 
of the exposure do not jar the apparatus, as the picture may 
become blurred. When the exact time of exposure is reached, 
close the shutter and push back the slide on the plate holder. 
Remove the plate holder and replace the ground-glass plate and 
push in the eyepiece. The apparatus is then ready for the next 
specimen. 

Developing. -^Toke plate holder to the dark room and remove 
the plate from the holder, the only light being that from the 
green safe light. The sensitive side of the plate is the white 
side; near one corner, on this side, mark the number of the 
picture with a pencil. 

Immerse the plate in the developer with the sensitive side 
up and at the same time, start the stop-watch. The developer 
is made as follows, and should be poured into the mixture in the 
order as numbered below: 


No, 1 14 grams of metal 

No. 2 . 5 8 grams of hydroquinone 

No. 3 21 0 grams of sodium sulphite 

No. 4 39 0 grams of sodium carbonate 


The above should be mixed in 900 c.c. distilled water. 

In a large graduate measure 900 c.c. of distilled water. Use 
part of this water to dissolve each of the above in separate 
beakers. When the contents of each beaker are dissolved, pour 
all into a brown glass bottle and add the remainder of the water. 
A roll of strip zinc is kept in the bottle acting as a preservative 
for the developer. To use, pour enough developer in a hard 
rubber tray to cover the plate. Make up fresh as needed. 

Using this developer, the time as stated before will require 
three minutes to develop the plate to the right point. When the 
time is up, remove the plate and hold by the edges under water, 
sensitive side down. With the fingers of the free hand rub off 
the black backmg, being sure to remove it all. Turn the plate 
over; hold under the faucet and with the heel of the hand rub 
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lightly the whole surface of the plate. Then place the plate 
in the tray containing the fixing bath made as follows: 

* 

Sodium thiosulphato 480 grams 

Sodium sulphite 30 grams 

Potassium aluminum suipnate 30 grams 

A solution of glaeial acetic acid, 28 c.c. and 72 c.c. water 

Dissolve the alum separately in 200 c.c. of water, the rest 
of the ingredients in 2000 c.c. of water. Then add the alum 
solution last, to prevent clouding. 

After the developed and washed plate has been in this fixing 
solution for four minutes, light will not attack the plate, so it 
may now be examined by holding against an electric light. Keep 
it in the fixing bath for at least ten minutes, preferably fifteen. 
After this time is up place the plate in a tray of running water, 
film side up, aryi allow the water to wash it for a half hour or more. 
When washed, place in a plate drying rack till thoroughly dry. 
Care must be taken not to allow any dust to settle on the plates, 
and also during handling not to^ scratch the films. The proper 
temperature for all solutions is to 65° F. When it is thought 
that the plate may have been over-exposed, add several drops 
of 10 per cent KBr in water to the developer. This retards the 
development. 

Printing . — Place the plate in the printing frame with the film 
side up, then hold up to the light and adjust the mat over the 
part desired on the print. Hold the mat wRth the thumb and 
turn off the bright light, during printing a ruby lamp or orange 
shade should be used. Place a sheet of printing paper over the 
mat with the film side against the film side of the plate. Glossy 
velox paper is satisfactory. On the side of the paper which is 
now up, mark the same number which is on the plate. Put on 
the heavy blotter over the paper and then the back frame of the 
holder; snap the springs under the catches. Place the printing 
frame in the holder in the top of the light box (five lamps, 60 
watts under ground-glass cover) . The time of exposure depends on 
the intensity of the plate. The best method to get the correct 
time for exposure is to make several trial prints. The time of 
exposure varies from five seconds to 1^ minutes. 

Ordinarily, plates of etched specimens require about ten to 
fifteen seconds' exposure. After the print is exposed remove 
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the paper and place in a tray containing the same kind of developer 
used for the plates with several drops of KBr solution added. 
Immerse quickly and rock the tray slowly until the picture is 
at the desired irfucnsity. Remove quickly and wash under the 
faucet for several seconds. ^^Then place in a tray containing 
the same fixing bath used for the plates. It should remain in 
the fixing bath for twenty minutes. Light will not affect the 
print as soon as it is placed in the fixer. After the print is fixed 
for twenty minutes it should be washed in the .same manner 
as for plates for at lea.st one hour in bath of running water. U.se 
a small tank with plate rack in it supporting the plates on 
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edge in the rack. After washing, place piidaire side against the 
drying tin plate and with the rubber roller roll off as much water 
as possible. The print will drop off the drying plate when the 
drying is completed and picture is ready for mounting. The 
prints are cut on a trimming board (Eastman’s). 

Deep Etching with Dilute Sulphuric Acid. — In the second edi- 
tion of “Special Steels,” page 223, the author called attention to a 
scheme for detecting segregation; defects; and lack of soundness 
by etching polished steel surfaces with dilute H2SO4. The author: . 
now uses a mixture of 5 parts by volume of cone, sulphuric 
diluted with 20 parts of water, In this way, by allowing th^ 
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acid to act for several hours, all sorts of defects can be detected 
that are never found by the microscope because of the exceedingly 
small poBtion of the area of the sample included in section taken 
for microscopic examination. By the etching /nethod there is 
no limit as to size of the piece of steel that can be examined, 
except the dimensions of the etefting tank. For such tests, 
except for the detection of exceedingly small flaws, a high polish 
is not necessary. Simply a comparatively smooth surface is 
needed. The pickling should be continued until all of the scale 
has been removed from the unpolisheil parts. Photo No. 52 
shows a sample of steel containing many minute (h'fects that the 
flow of the met ill during high polishing may hid(‘ or the section 
being polished may not include. A long etch of several hours 
tells the story of why the steel failed. 

Et('iiinj Solution for 14^^; Chromium Steel and Stellite 

Immerse for two minutes, if necessary, in the following: 
Dilute 5 c.c. of cone. HCl with 20 c.c. of iso-amyl-alcohol and 
idd 8 to 9 c.c. of a saturated solution of picric acid in alcohol 
[grain alcohoP. Fig. B shows the structun' of stellite after 
being etched hy the foregoing mixture which is substantially the 
;ame as recommended by Kourbatoff. (llevue de Met. mars., 
1905, p. 186.) 

Fia. B 
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CHAPTER XX 


Part IV 

THE MAKING AND REPAIRING OF LABORATORY ELECTRIC 
FURNACES 

It is quite an economy and instructive for the chemist to 
build and repair his own electric muffle and combustion fur- 
naces. The modern laboratory cannot afford to be without 
such equipment. The author used a true ni-chrome wire of Ger- 
man manufacture. P'or the carbon combustion furnaces, No. 20- 
gauge wire, 0.032 diameter, is a convenient size. Its resistance 
is 0.537 ohm per foot. With a voltage ranging as high as 240, 
direct current, 90 feet of this size is about right and gives a service 
of three or more months, running twenty-four hours per day. 
The wire is coiled around a three-sixteenth diameter rod held in 
guides and run by a one-half horse-power motor. 

The expressage is saved to and from the professional repair- 
man and the delay of waiting for the return of the apparatus 
is avoided. ( 

The coiled wire is wrapped spirally around the clay core, taking 
precaution that the turns of the spiral do not touch each other 
as they wind around the core. The ends of the coil are secured 
at each end of the core with asbestos cord, being tied to the latter. 
The turns of the wire are then covered with a blanket of alundum 
or zirconia cement. The core is put in a warm place until dry. 
At each end of the coil 2 or 3 inches of the wire are left uncoiled 
for connection with the power. One of the cores with the wire 
on it is shown in Fig. 18, page 293. The cement is plastered 
over the spiral of wire, shown in the figure. The chemist can 
readily follow these details by taking such a furnace apart, f 

The author ventilates his electric muffle furnaces when igniting filter 
papers, etc., by blowing a regulated stream of air through the furnace. 

t The author is now trying the plan of wiring directly on his tapered clay 
504 
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A large muffle furnace can be built by any laboratory. A 
sheet iron frame can be used for the sides. The top and bottom 
of th^ shell can be in the form of lids of the same material. It is 
well to place at the top and bottom of each Corner of the frame, 
and on the inside of it, right angle strips of hoop iron. These 
make the shell more rigid. The opening for the muffle should 
be central and the frame or shell should Ix' just as deep as 
the muffle is long, so that the muffle will rest in the frame 
and come just flush with the outside of the shell. The muffle 
opening in the frame should fit exactly around the outside of 
the ends of the muffle, so that very little plastering around it 
with the cement will be necessary. The author uses No. 17 
gauge wire for the muffle furnaces, that is, 0.045 inch diam- 
eter. Three coils are wound around the muffle and connected 
in parallel. The writer places the parallel leads on the outside of 
the furnace shell, thereby keeping the leads away from the heat, 
and more accessible. The leads are enclosed in red fiber insulating 
tubes and supported in brass brackets. One lead is placed on 
the right side of the furnace shell and the other on the left side. 
This gives a neat appearance. Where the ends of the coils pass 
through the metal shell, they are carried through small quartz or 
pipe-clay insulating tubes to join the leads. Each coil is 120 feet 
long for a 240 volt, direct current. The heat is regulated by means 
of a rheostat (see Photo No. 3, page 119) of 14 to 25 amps, capacity. 
The doors are sheet iron, lined with fire-brick. They slide up and 
down* in sheet-iron guides and are hung orf a lever. The leads 
are of No. 8 gauge ni-chrome wire of the same make as the heating 
wire. The furnace shell is given a coat of stovepipe enamel and, if 
preferred, it can be then given a white finish consisting of two coats 
of aluminum paint. Fifty pounds of magnesia oxide are needed to 
fill in all spaces around the core and retain the heat. The entire 
inside of the shell except the space occupied by the muffle is filled 
with this non-conducting powder. Four right-angle strips of sheet 
brass about one-eighth inch thick will be needed to support the 

combustion tube. This gives a combustion furnace that will come to full 
heat in thirty minutes, and saves the cost of the core tube. 

* Or the door can be made to open on side hinges, horizontally. Such a 
door can be lined with a fire-brick that fits the muffle opening and projects 
into the same. This liner keeps heat in better than one that slides up and 
down. The author finds it convenient to mold and burn his own liners. 
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leads. The whole cost is a mere trifle compared to the price one 
must pay for such a furnace made to order. The muffle is rec- 
tangular; it is 8} X 6^X14 inches. The furnace shell is 1^ inches 
deep to fit the length of the muffle. It is 16^ inches wide and 15 
inches high. To hold such a furnace at any desired temperature 
from 200° C. to 1000° C. the current should be controlled with a 
dimmer or rheostat of from at least 12 to 2.5 amperes and a 
resistance of not less than 60 ohms. 



CHAPTER XX* 

Part V 

SOME IMPROVED ELECTRICAL LABORATORY APPARATUS 

1. Quick-heating Electric Furnace for the Determination of 
Carbon in Steel, etc., with Train. — The train (Photo No. 8, page 
278) consists of (1) a mercury tube to detect leaks and stoppages: 
(2) a safety jar ijontaining a 1 : 1 solution of KOH ; (3) a tower 
filled loosel^ with a plug of glass wool followed with anhydrous cal- 
cium chloride, a layer of soda lime and another plug of the wool; (4) 
a jar of short pieces of stick caustic [X)tash with a plug of glass wool 
at the top and at the bottom; (5) a clay and rubber connector doing 
away with rubber stoppers at the charging end; (6) the vitrified 
clay combustion tube with the tapered outlet doing away with 
the rubber stopper at this point also; (8) is the jar of granulated 
zinc to stop acid and sulphur; (9) is a jar of phosphoric acid powder 
and (10) is the bulb for absorbing and weighing the ('O 2 . This 
train was designed by the author, being a sh^nplification of his train 
described in J. Am. Chem. Soc., May, 1908. 

The author has now used the tapered clay combustion tubes 
for over six years for the determination of carbon in steel, etc., 
and has been using them for oxygen determinations also. 

The new split muffle type of furnace was designed by the 
author. It is of most simple construction, consisting of a split 
muffle of kieselguhr, a coil of ni-chromc wire embedded in alundum 
cement as a replaceable heating element, and a supporting stand. 
The furnace will heat from the cold to 1000° C. in twenty to 
twenty-five minutes with a current consumption of 3 to 4 amperes. 
It can be cooled rapidly, if desired, by hfting off the top half of 
the split muffle. The author supplanted for some time in this 
laboratory, and in another laboratory under his direction, all of 

♦ Reprinted from the Journal of Industrial and Engineering Chemistry, 
Vol. VII, No. 11, page 960, November, 1915. 
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the type introduced by him in 1908 * with this new type shown in 
Photo No. 2, pa^e 89, and Photo No. 3, page 119. 

This type of electric furnace can be built in any length of hfeat- 
ing surface with coilj^' connected in parallel. The type shown in 
Photo No. 2, page 89, is 13 inches long by 3^^ inches outside 
diameter and IpJ inside diameter. The author built the same 
type for organic work 18 inches long. By using three rheostats 
a long furnace can be made to heat to three different temperatures 
at once or it can be heated in one part if desired. 

The furnace presents a bright neat appearance with its white 
muffle; new heating elements can be kept in stock and quickly 
put in place in case of a burn-out, as there are no screws or pow- 
dered heat insulation to bother with. In case the muffle becomes 
soiled it can be put in a muffle furnace and heated to a red heat 
for about twenty minutes, when it becomes as white as new. The 
simple construction makes the furnace a very inexpensive one. 

By using a split insulation muffle of 5| inches outside diameter 
and 2^ inside diameter, the author obtained a furnace of this 
type which is developing 1020° C. with a current consumption of 
only 2.7 amperes. 

n. A New Tjrpe of Portable Laboratory Rheostat.— Photo No. 
3, page 119, shows the rheostat designed by the author with a 
view to making repairs more easy and to have a piece of apparatus 
with sufficient capacity to fill the needs of most laboratories. 

The rheostat occupies but a few inches of table width and can 
be set behind the other apparatus as illustrated in Photo No. 7, 
page 276. Repairs are easily made and the white frame of hard 
asbestos board gives a cheerful effect. If desired, two such 
rheostats can be bolted together, making a double instrument. 
The rheostat is practically indestructible so long as its capacity 
is not exceeded as there is nothing about its design to get out of 
repair. 


J. Am. Chem. Soc., XXX (1908), 773. 
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CHAPTER XX 


Part VI 

RHEOSTATS AND LARGE FURNACE FOR HEAT TREATING 

Photo No. 3, page 119, shows a rheostat suitable for a heat- 
treating or ignition laboratory muffle furnace with a muffle of 



Photo 55. 

14 X Six 7^ inches, Photo No. 4, page 119. It will control a 
maximum current consumption of 15 amps, at 220 volts, giving 
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Photo 56. 



Photo 57.— Detail of muffle shown at M in Photo No. 56. 
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any temperature of 300^ C. or less, to 1100° C., without the 
rheostat wires overheating. It consists of ten steps of 2| ohms 
(about ten coils of 9 ff^et each, ni-chrome wire of 15 gauge); 
nine coils 4^ feet, each 15 gauge (about 10 ohms) and two coils 
of 6 feet, each 11 gauge (about tO.O ohm), making a total of 
30.9 ohms. Pha 3 nix or Climax wire will answer just as well as 
ni-chrome except when exposed to dampness and fumes, in whicli 
case the ni-chrome docs not rust away so soon. This rheostat 
must be connected in series with the furnace and the internal 



resistance of the furnace inu.st be at least about 18 ohms at 
220 volts. 

Photo No. 5 shows a rheostat suitable for an electric carbon 
combustion furnace such as is given on page 278. It has eleven 
steps consisting of one coil of 8 feet, 14 gauge, equal 1.27 ohms, and 
ten coils 5 feet each, 17 gauge, equal to 16 ohms or a total of 17.3 
ohms. Internal furnace resistance should be about 29 ohms. 

Photo No. 54 shows how two rheostats can be arranged on 
one supporting frame. 

Photo No. 55 shows a large heat-treating muffle furnace with 
a muffle 7i X 1 U X 26 inches. Photo No. 56 shows how the brick 
are arranged. At A are infusorial brick; at B, B, B, are refrac- 
tory fire brick. Photo No. 57 shows the rheostat to control this 
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furnace, which consumes about 30 amperes at 220 volts. The 
rheostat contains 114 coils of 15 gauge Driver-Harris No. 194 
nickel steel wire. These coils arranged in steps consisting of 
three coils of 25 feet each (in parallel) per step, and each of thirty- 
eight such steps are connected in series with each otlier, and the 
entire rheostat is connected in scries with the furnace. Photo 
No. 58 shows the arrangement of the top of the rheostat. 


« . mf*. .. 
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Photo 67. 


CHAPTER XXI 
Part I 

AN AUTOMATIC STEAM WATER STILL 


After Bubmittiiip; to considerable annoyance from several 
types of water stills, the author decided to try steam coils as a 
source of heat. 

The Vjoiling of water by this means is not a now ijea, but after 
more than a year’s trial, there was finally evolved a form of still 
which has proven so vsatisfactory and the flow of the water has 
been so abundant that the details of the apparatus may be of 
assistance to someone else. (1908.) This type still in use (1920). 

Two of these stills are in use in our laboratory, operating but 
part of each day. The supply is ample for all analytical needs 
and for drinking water, which is also furnished to a large office 
force. 

Cold water from the tap enters the condenser jacket C, Fig. 59, 
through the cock A. The condenser jacket is a cylindrical copper 
vessel 11 inches in diameter and 15 inches high. The cooling 
water overflows at B to a sink not shown. A glass * tube siphon 
S', S", S'", dipping into the water slightly below the level of B, 
carries hot water continually to the heating chamber D by way 
of the large copper feed funnel F', F", 

When the water in D has risen several inches the steam is 
turned into the worm coils of D at the valve V. These coils 
consist of two 12-foot lengths of three-quarter inch bore copper 
pipe,t brazed together and coiled around the inside walls of.Z>. 
The steam from the boiling water rises into the dome and passes 

* A brass tube is now used, as it is more durable. 

fThe outside diameter of the copper pipe is l^^jf inches and the wall 
is i inch. 
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off through a block tin condensing pipe of five-eighths inch * inside 
diameter at T and travels through this pipe, which is coiled in a 
worm As shown in C. 

The tin pipe passes through the tubulai outlet O', 0" and 
delivers the distilled water on an absorbent cotton filter supported 
by a G-inch ribbed glass funnel The filter catches any oily 
matter or other particles carried over with the steam. 

The distillate is delivered to the receiving funnel at the rate 
of one liter every three minutes when sufficient pressure is main- 



tained in D to keep the copper funnel F'y F” filled nearly to over- 
flowing with hot water. 

The water reservoir is a 9-gallon bottle, in the neck of which 
the funnel W rests. The bottle, which is not shown, is inclosed 
in a cupboard in which is an electric light to dispel darkness and 

* The larger the inside diameter of the tin worm the better to secure rapid 
condensation and a large output of water. 

The block tin worm now in use is to 1 inch outside diameter; \ to fj 
wall; and Hnch bore. The regular commercial sizes approximating these 
dimensions are used. A number of these stills are now in use. The worm is 
28 feet long. 
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roaches. This bottle rests in a copper pan, which is drained to 
the sewer. The tin pipe is bent into an elbow at E so that any 
condensation of moistJire on damp days drips off at E instead of 
running down the pipe into If. 

Steam pressure furnished fijpm the mills is liable to continual 
variation. The amount of pressure may be nicely adjusted at 
f , but subsequent increase of pressure often causes the water to 
boil ever at F and splash down into the copper pan P', P", P'", 
which is drained at P'. The pan is 5 inches deep and large 
enough to contain the entire apparatus. 

To clean the still the tin pipe is unscrewed at N, the dome 
head is removed, and water is played on the interior of D with a 
hose, washing the sediment out through the cock at P'". 

The steam dome rests in the neck of D and is calked steam 
tight with cheese-cloth. The cloth is stretched in a diaphragm 
across P', P", with enough excess of cloth for calkj^ng purposes. 

The boiling of the water in P', F" in no way prevents the action 
of the siphon S', S", S'". The heating coils of D are joined to 
ordinary steam pipes of the same diameter at J', J". 

This still could be made in any size to suit a greater or less 
production than that mentioned, a smaller size for a household 
or small laboratory, and in larger sizes for office buildings or 
for manufacturers needing a large supply of distilled water. A 
number of these stills are now in use. 



CHAPTER XXI 
Part II 

CLAY COMBUSTION BOATS 

The clay boats arc made from Klingenbcr^ clay.* A typical 
analysis of it is given herewith: 



Ppt opnl 

Protoxide rj iron 

2 67 

Silica 

52 48 

Alumina 

29 46 

Ignition loss 

. 14 18 


Any plastic clay of similar analysis free from grit would answer 
just as well. The clay is ground to pass a 30-mesh sieve, and 
is thoroughly kneaded to a stiff dough with water. It is then 
rolled in a towel. Ry wetting the towel occasionally, the clay 
can Ix^ kept ready to use as long as desired. 

The clay is rolled on a moist plaster-of-par;s slab into a cigar 
shape and pressed into the plaster-of-paris mold with the thumbs. 
The excess clay is scra^xd off with a thin-edged piece of wood. 
The guide strip is then laid on the mold. It is the exact duplicate 
of the face of the mold, or pmno as shown in the plan. This 
strip, of course, has an opening in it coinciding exactly with 
IcdJ, Fig. 60. The strip can be fastened on by a gum band at 
each end. The wooden tool T is plunged down through this slot, 
and, while being held perfectly vertical it is slid along the wooden 
guide strip, scooping out the clay and shaping the interior of 
the Boat. The tool slides along the strip on its surfaces at R 
and R'. The distances from c' to R and from R' to d' are equal 
and conform to the thickness of the guide strip. The distance 
c'd' equals cd. c'V and V'd' regulate the thickness of the walls 
of the boat. Vf' V' forms the interior of the boat. The tool T is 


A blend of clays gives better results. 
617 
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rounded on one side and is trimmed to a thin edge on the rounded 
side. The tools are kept in water, when not in the operator’s 
hand, to prevent ^<he clay from sticking to them. The interior 
of the mold has a flat bottom: The author prefers a boat of the 
following outside dimensions Vhen burned: 15 mm. wide at 
top by 7 mm. wide at bottom by 9 mm. high by 13 U mm. long 




The bowl of the mold should be about 6 per cent larger in all its 
dimensions to allow for shrinkage. 

After the interior has been properly shaped, the guide strip 
is removed, the face of the mold scraped clean, and the mold put 
away in a warm place for the clay to dry. Slow drying for one 
or two days is the best. When the boats no longer seem damp 
to the touch, they are removed from the molds and dried for 
several hours in an air bath at a temperature of 120® C. They 
are then put in a muffle furnace, and the latter is lighted and 
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the heat brought slowly to a tomporature of 850° to 900° C. 
(very bright red-heat) and kept at that temperature for from 
two tg four hours. The heat is then turned off and the boats 
are ready for use. A boy can easily mold fjrty boats in three 
hours, and, after the molding is completed, the remaining opera- 
tions require but a few moments’*attention to make the transfers 
from the drying space to the air bath, and from the latter to the 
muffle furnace. 

The boat should have walls and bottoms about one-sixteenth 
inch thick. Boats made as des(‘ribed answer all of the purposes 
of porcelain boats, and, one can readily see, are extremely cheap. 



The author first experimented with a view to making his own boats, 
more than twelve years ago, and has used them for all combustion 
work ever since. 

It is convenient to have the dimension Kh, 02 mm.; %, 177 
mm., and the total thickness of the mold 25 mm. 

When the boats have been burned, two or three from each 
batch should be placed in the combustion furnace and a blank 
analysis made. If the weighing apparatus shows a gain of more 
than 0.0002 gram, it is an indication of imperfect burning of the 
boafs. They should bo reburned until free from all carbonaceous 
matter. 

The Ni-chrome One-piece Triangle. — Fig. 61 shows a one-piece 
triangle designed by the author which anyone can make in a 
few minutes from the well-annealed ni-chrome wire. It is 
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practically indestructible. The one shown was made from No. 8 
gauge wire. 

Sanitary Laboratory Wash Bottle.— Fig. 62 shows a wash, bottle 
that is much used jn t^his laboratory for washing precipitates. It 
has the advantage that the lips do not touch it. It is operated by 
a slight push of the thumb on the rubber bulb A. The little tube 



at P enables the operator to relieve pressure instantly when a 
washing is finished, avoiding spattering of the washing fluid and 
excessive amounts qf the wash per application. 

The rubber bulb is attached to the glass tube G. The capacity 
of the flask is 500 c.c. It has a fire-finished ring neck and takes a 
No. 6 rubber stopper. 
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Part III 

LABORATORY REFRACTORIES 

Laboratory refractories should be of such design and com- 
position that they will stand rough usage and sudden expansion 
and contraction. This is especially true of boats for carbon 
combustion determinations; muffles for ignitions; Bunsen burners 
of the Chaddock type, chimneys for Argand burners, combustion 
tubes, pyrometer protection tubes, and crucibles. 

Combustion Boats. — The combustion boats should also be of 
such composition that iron oxide and lead oxide do not slag with 
the walls of the boats at temperatures approaching 1100° C., to 
an appreciable extent. A well-designed boat of the proper com- 
position, burned at the correct heat in the kiln, of the correct 
size and filled about half full of some neutral lx)dy like crude 
oxide of zirconia, or chrome iron ore, or some other suitable well- 
ignited metallic oxide of high fusing point — a boat of this type and 
so protected will be good for from 500 to OOOicarbon combustions 
of steel. It should be said also in this connection that there is 
nothing gained by running the oxygen at a high rate of speed or 
by running the combustion furnace at temperatures in excess of 
1000° C. Some chemists have a mistaken idea that the tempera- 
ture must be such as to entirely melt up the sample of steel. This 
procedure not only will destroy any combustion boat in a few runs, 
but often cause low results due to unburnt steel occluded by the 
suddenly formed slag and perhaps due to the formation of some CO. 

f hoto No. 63 shows six sizes of boats which offer ample range 
iff capacity for any laboratory's needs. No. 1 is |SX4 inches; 
2,HX4; 3,HX4; 4,«X5i; 5,HX5J; 6, HX5i 

Combustion Tubes. — Photo No. 64 shows three sizes of com- 
bustion tubes of the author’s design which he has used in several 
laboratories under his direction for a number of years. The 
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composition should ho such as to be non-poroiis under- pressure; 
not readily attacked by metallic slags, and vitrifying ii) such a 
way as to withstand ^rupture when cold bodies are repeatedly 
charged into it wlit;n it is at a high temperature. It is also a 
great advantage to have it of sijch composition as to not conduct 
away heat at the projecting ends like fused silica tubes, thereby 
avoiding a large loss of the expensive electrically supplied heat; 
also avoiding the nuisance of cooling devices at the ends that 
project from the furnace. 

The convenient sizes are 24 Xj inches inside diameter by 
1-inch outside diameter with tapered ends; also 27 inches long by 



Photo 63. 


If inside diameter by If inches outside diameter, also a middle 
size If-inch bore X 27 inches long. The author has found that the 
larger bore tube with the thicker wall lasts longer; although 
either size should last for months if the foregoing conditions are 
fulfilled. A good heavy wall tube of proper composition should 
last six months or more even though in daily use with a daily 
run of from 80 to 180 combustions. 

Chimneys for Argand Bumers. -Photo No. 63 also shows 
convenient chimneys for Argand burners. Here, again it is 
especially necessary to have a imposition that will not crack 
with sudden changes of temperature. A chimney of proper 
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composition is non-crackable and will last for years as far as heat 
cracks are concerned. Two convenient sizes are No. 8 and No. 9; 
in photo No. 63, No. 8 is designed to be used in the sulphur appa- 
ratus given on pages 321-1332. 

Porous Filtering Crucibles. — At No. 7 in photo No. 63 is shown 
a porous crucible. Such a crucible^ should be of sufficiently open 
grain to permit the passage through its pores of turbid fluid to its 
total capacity in fifteen seconds, when mild suction is applied, 
i.e., ordinary one-quarter inch bore one-sixteenth inch wall tubing 



Photo 65. 


should not collapse; and the filtrate should be perfectly clear and 
sparkling. 

New Modified Refractory Bunsen Burner of the Chaddock 
Type . — The author has designed the modified Chaddock with the 
following new features. 1 in Photo No. 65 shows the burner 
proper; 4 shows the bell-top chimney, which can also be used as 
a crucible cover to raise the temperature around the whole cru- 
cible at 5. This bell top can also be inverted and used as an 
extension support as shown at 6. At 2 the rubber hose is shown 
entering at’ a half-round opening. This makes the setting of 
the glass nipple tube much easier, as anyone will appreciate who 
has used a Chaddock. 
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Photo G6. 



Photo 67 . 
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This style of burner should be made of a mixture of refractories 
that will not crack with suddenly applied heat. A proper selec- 
tion of materials will secure immunity from heat cracks, 

Kipp Apparatus Consisting of Three Replaceable Parts.— 
The author designed an apparatus for generating H, H 2 S, and CO 2 
of the Kipp 'type, consisting of tlwee repla(;eablc parts, and of 
acid-proof stoneware. The bottom part holds 2500 c.c. and the 
top bulb 2000 c.c. The total height is 23 inches. The parts are 
interlocking and connected together with acid-proof cement (see 
Photo No. 66); making the whole apparatus perfectly rigid as 



Photo 68. 


though of one piece. The advantage of the apparatus lies in its 
replaceable parts. If one part be broken a new one can be put 
in its place making the generator is like new. The parts are 
very strong, being of heavy stoneware. The separate parts are 
shown in Photo No. 66 and the complete generator in Photo No. 67. 

Photo No. 69 shows how this Kipj) can be made in foui' replace- 
aWe parts. The inner tube passing through a rubber stopper to 
melt the top bulb 1 at 2 being joined to it by the rubber con- 
nector and also a copper clamp not shown, but which is screwed 
fast around the rubber sleeve at 2. Photo No. 70 shows a bat- 
tery of these generators. 
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Muffle, Assay Crucible, and Heat Insulation, Split Cylinder 
of Infusorial Earth. — The above are shown in Photo No. 68 at 6, 
7, and 8, respectively. The dimension!? o[ the muffle are 14x5^ 
X7i inches. The crucible is G inches top diameter by 9 inches 
hi^>h by 4 inches bottom dian^ter. Tdie split cylinder is 1 1 inches 
inner diameter by inner diameter by 12^ inches lonjz;. The latter 
is the heat insulation jacket for the carbon combustion furnace 
shown on page 278. 



Photo 
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Part I 

ENGLISH CHROME-VANADIUM STANDARD STEEL “V.»» 

This standard was analyzed by twenty-five English and three 
American laboratories. The reports were handed in blind. 
Nothing more was heard of the matter until the printed report 
was mailed to the co-operating chemists together with a very 
generous portion of this valuable standard (October, 1919). 

It is interesting to note just how closely the three American 
chemists came to the general average of all of the results: 


Laboratory : 


IJ. S. Bureau of 

cf c 

%Si 

0 152 

0 170' 

%s 

%P 

% Mn 

%Cr 

%v 

Standards 

0.559 

0.059 

0.028 

0.534 

0.859 

0.278 

Baldwin Locomotive 


0 060 





Works 

0.563 

0.174 

0.059 

0.021 

0.532 

0.890 

0.270 

Crucible Steel Co. of 

America: 






{Park Works Lab.) 

0.554 

0.170 

0.064 

0.065 

3 

0.024 

0.540 

0.800 

0.275 

General Average of 








All Labor alories. . 

0 548 

0.161 

0.063 

0.024 

0.542 

0.801 

0.273 


Of course, Park Works results were obtained by the methods 
as given in the foregoing pages. See copy of Ridsdale & Co.'s 
report, page 530. 
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Part II 

SHORT METHOD FOR MOLYBDENUM IN STEEL 
(Absence of Tungsten) 

(A) Dissolve 3 grams of steel drillings in 50 c.c. 1:1 HCl. 
Warm until action ceases, then add a few crystals of potassium 
or sodium chlorate, that is, enough to dissolve all black residue 
on further heating. 

(B) Boil down quickly to about 15 c.c. to remove excess of 
free acid, as molybdenum is not precipitated completely by 
H 2 S in the presence of nmch free acid. 

(C) Dilute to 150 c.c. with water. 

(D) Pass a rapid stream of H 28 for about fifteen minutes. 
Filter off sulphide. Wash the same thoroughly with H 2 S water. 

{E) Burn off the sulphide in a porcelain crucible at a heat 
not exceeding 550® C. until all char is gone. Cool, and weigh. 
This weight represents the molybdic oxide, plus a little silicon 
plus copper oxide, tin oxide, etc. 

Extract this ash with 40 c.c. of filtered ammonia. Warm in 
the crucible until the residue is light and floats easily, showing 
that all of the heavy molybdic oxide has been dissolved. Filter 
again. 

Wash with ammonia water thoroughly so as to remove all 
molybdenum. Ignite at a red heat and weigh again. The 
difference between this weight and the first weight equals the weight 
of the molybdic oxide present, plus any copper dissolved by the 
ammonia. Tin oxide is not dissolved. 

If the filtrate from the ammonia is blue, copper is present and 
for very accurate work, a correction must be made. This cor- 
rection is usually small, and unless the filtrate is very deep blue, 
can be dispensed with, especially when bath tests are being run. 
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If the correction is to be made, the filtrate is made slightly 
acid with hydrochloric and evaporated to a low volume and 
made faintly but distinctly alkaline with ammonia. 

The copper determination is then finished by titrating to the 
disappearance of the blue colo^ with standard KCN solution in 
the same manner as for copper in steel. The copper thus found, 
is calculated to CuO and deducted from the weight of M 0 O 3 
plus CuO already obtained. 

The remainder is figured to Mo by the factor 0.6666. 

Omitting the copper correction, this method can be carried 
through, in duplicate, in 2 hours. 

This method assumes the absence of tungsten. If tungsten 
be present in sufficient quantity to separate out as yellow residue, 
then after (C), it should be filtered out, washed, and the filtrate 
and washings finished as given in (D) and (E). The WO3 can 
be examined for M0O3 if much W and Mo be present in the steel. 



CHAPTER XXIII 

• 

Part I 

The Analysis of Ferro-cerium and Cerium Steel.— Tho 

determination of large quantities of eeriuin (the mixed metals of 
the cerium group) is comparatively simple, hut to determine, gravi- 
metrically, a small amount of cerium in the presence of a large 
amount of iron is fraught with many interferences. Any attempts 
in this laboratory, for (‘xample, to precipitate ten to twenty milli- 
grams of cerium content away from 5 grams of iron hav(' thus far 
resulted in the precipitation of a large port ion of the iron with the 
cerium, or a large amount of iron and no cerium with it. 1 his is 
true whether the attempt be made either by the phosphate method 
or the oxalate method. The iron interferes at all points, when 
it is present in large excess. The volumetric methods to b(' 
described later are the only quantitative methods for small 
amounts of cerium thus far develoi>ed in this laboratory when 
large amounts of iron are present. Both methods are inter- 
fered with by the presence of chromium, and one is interfered 
with by the presence of both chromium and manganese. 

Cerium in Ferro-cerium (GRAt^iMETRic) 

The author uses the well-known method of precipitating the 
cerium (mixed cerium group) away from the iron (less than a 
gram of iron present) in nearly neutral sulphate solution with a 
saturated solution of ammonium oxalate. 

Dissolve one gram of the ferro-cerium in 50 c.c. of 1.20 sp. gr. 
nitric acid; evaporate to dryness; ignite to destroy the nitrates; 
dissolve in cone. HCl; dilute and filter out silica. Wash the 
insoluble silica; ignite it to an ash; weigh it; remove the silica 
with HF and a few drops of cone. H2SO4 as in silicon in steel. 
Fuse any residue left in the crucible from the HF evaporation 
with sodium carbonate; dissolve in HCl; fume it with H2SO4; 
add water; heat until the sulphate is dissolved and add the 
solution to the main filtrate and washings obtained from the first 
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This main filtrate will now contain all of the cerium. It is 
nearly neutralized with 1 : 1 ammonia water, and to tl\e cold 
solution which should now be of about 400 c.c. volume, 50 c.c. 
of a saturated solution of ammonium oxalate are added and the 
cerium oxalate is allowed to iettle for about two hours; it is 
filtered; washed with ammonium oxalate water; ignited to the 
reddish cerium oxide (Cc() 2 ) which contains 81.42 per cent Ce. 
This reddish oxide may contain some iron so it must be 
transferred to a porcelain dish; gotten into solution with HCl 
(chlorine forms hence the removal from the platinum crucible 
before dissolving); converted to sulphate and passed through 
the zinc redactor. The iron so found is deducted from the Ce02 
before calculating to ("e. 

Manganese 

Manganese interferes with the gravimetric determination of 
cerium and cerium interferes with the volumetric and gravimetric 
determination of manganese, (.'crium and chromium oxidize to a 
higher oxide with Pb() 2 . If zinc oxide is used the cerium, unlike 
chromium, is largely in the filtrate with the Mn. On p)eroxi- 
dizing it remains on the filter with the manganese and iron. 
If the author’s scheme of fractional precipitation with ammonia 
in reduced solution be tried, the cerium will still be found with 
the iron and manganese. (This, however, is a separation from 
chromium as the, chromium is precipitated. See page 30.) 
Vanadium can also be separated from cerium by the ammonia 
fractional precipitation. The following recoveries were gotten 
when the amounts of cerium, vanadium and chromium were 
added in 5 grams of steel and the steel was then dissolved in 
50 c.c. of I : 3 H 2 S ()4 and 50 c.c. of water. The ammonia 
separation was made as described on page 30, the ammonia being 
added until the greenish gray chromium hydroxide settled down 
well: 

Cerium present Cr Added Cr Found V Added V Found 
gram gram gram gram gram 

None 0 1057 0.01057 0.0765 0.0765 

0.020 0.1057 0.1066 0.0765 0.0767 

0.060 0.1057 0.1072 0.0765 0.0762 

0.080 0.1057 0.1079 0.0765 0.07^ 

0.320 0.1057 0.1084 0.0765 0.0769 

0.505 0.1057 0.1087 0.0765 0.0754 
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Evidently from this table a Mrium wjis dragged out with 
the chromium but the vanaaluft results are very satisfactory. 
To se(?ure an absolute separation trf the cerium from the chro- 
mium, it is necessary to peroxidMie^^the sfllp^uric acid solution 
of the chromium-vanadium precipitate obtained by the ammonia. 
This leaves the small amount of* cerium with some iron on the 
filter and the chromium and vanadium in solution jis sodium 
salts. The small amount of cerium and iron (‘an be dissolv(Hl 
in sulphuric acid and be addcnl to the main iron and cerium 
solution. This sulphuric solution can th(‘n be evaporated to 
350 c.c. and finish(‘d vcdumetricailly by the methods to 
described. The vanadium and chromium can th(‘n be finished 
as descrilx'd under ferro-vanadium and (“liromium-vanadium 
steels. 

Manganese 

Cerium does not begin to interfere seriously with the deter- 
mination of manganese in cerium st(‘el by the lead peroxide method 
until it is present in excess of about 1 p(*r cent of (V. 

To remove the cerium proceed a.s folloivs: 

Weigh 0.4 gram of the st(‘el or f(‘rro-c(‘rium, if tii(‘ manganese 
does not excc'ed 0.50 p(‘r cent Mn, or a (‘orivspondingly K'ss amount 
for higher per(‘ents of Mn, and get it into solution with 20 c.c. of 
1 : 3 H2S(34; and 20 c.c. water; oxidize with 20 c.c. of 1.20 nitric 
acid; make a basic acetate separation as given for mangan(?se 
in ferro-manganes(‘ but avoid using any IICJ. 

To the filtrate and washings from th(‘ ba.sic acetate separation 
of the iron, chromium, etc., add 5 grams of ammonium per- 
sulphate crystals and boil three or four minutes; then add an 
excess of ammonia and boil again until the dark-brown precipitate 
of the hydrated oxide of mangaiu'se separates out well; filter it 
off, mixed with a little paper pulp; wash thoroughly with per- 
sulphate water containing a little ammonia. Then treat the 
precipitate on the filter with 35 c.c. of ferrous ammonium sulphate 
solution mixed with an equal volume of 1 : 3 sulphuric acid; use 
this solution warm, if necessary. 

The -ferrous ammonium sulphate is made by dissolving 2 
grams of the salt in 100 c.c. of water. Wash the pulp, which 
should now be nearly, or entirely, white, with water containing 
a little sulphuric acid. Wash about thirty times. The filtrate 
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and washings should be conc^ufr^ted, if necessary, to 100 c.c. 
Then add 50 c.c. of cone. acid and bring to boil; add 

2 grams of light-brown lea<^ peroxide; and boil five minutes 
in the 400 c.c. be^k6r; filter through washed asbestos; wash 
out pink color with distilled water; cool and titrate to dis- 
appearance of pink color with the arsenite standard used in steel. 

This method has been tested on standards containing chro- 
mium up to 1 per cent and cerium added up to 7 per cent Ce, 
and exact results for manganese were obtained, 1 c.c. of the 
arsenite equals about 0.07 per cent manganese when 0.100 gram 
of sample is used. 

Volumetric Method for Cerium in Steel and Ferro-cerium: 

By Oxidation with Lead Peroxide 
{Absence of Chromium) 

Dissolve 5 grams of steel or ^ gram of ferro-cerium in 
70 c.c. of 1 : 3 H 2 SO 4 ; oxidize by heating with 45 c.c. of 1.20 
sp. gr. nitric acid. Add the nitric acid a little at a time. Heat 
until all red fumes are gone. Then add 2 to 3 grams of lead 
peroxide of the light brown variety. Boil in the 600 c.c. beaker 
for fifteen minutes. 

Filter on a washed asbestos filter of the same type as used 
for rapid manganese tests. Filter cold. If the filtrate looks 
pink some manganese has been oxidized to the manganic or 
permanganic state and must be reduced by adding to the filtrate 
a little ammonium^persulphate. Add 50 milligrams and boil 
gently, adding a few grains of precipitated silica to prevent 
boiling over of the solution. Boil twenty minutes. Remove from 
the fire and add another 50 mgs. of ammonium persulphate, 
if necessary, and repeat the boiling and so on until the pink 
color suggesting the color of permanganate of potassium is gone. 
If during these operations the solution becomes slightly cloudy 
due to the formation of manganese oxide, the same must be 
filtered through washed, ignited asbestos again, washing with 
water containing some dilute nitric acid wash. The clear, cold 
filtrate is now ready for the titration. The ferri-cyanide indi- 
cator is added as in the determination of vanadium in steel, 
and a standard solution of ferrous-ammonium sulphate is 
added from a burette until the same blue end-point is obtained, 
as in vanadium. Unlike the vanadium titration, this blue end- 
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point does not get continually darker, once it is reached, as in 
vanadium, but has a tendency to grow lighter, owing to the 
action of the nitric acid. 

This standard is one- fifth that of the one i^ed for the titration 
of chromium in steel. One c.c. of it by this method should be 
equivalent to about 0.002 gram fie to 0.0029 gram Ce, depending 
on the amount of iron and manganese present in the solution 
being titrated. 

0.4722 gram of so-called C. P. cerium oxide dissolved in 
20 c.c. 1.20 sp. gr. HCl; fumed with 50 c.c. of 1 : 3 H 2 SO 4 ; 
diluted with water and heated until all was dissolved; then 
boiled with lead peroxide and titrated with the ferrous-ammonium 
standard gave a value of 1 c.c. equal 0.00235 gram of Ce; 0.2542 
gram of cerium oxalate sold as C. P. ignited to the red oxide 
and finished in the same way gave 1 c.c. of the standard equal 
0.00226 gram of Ce. 

0.500 gram of ferro-cerium was put through as described for 
cerium and gave a value of 1 c.c. equal 0.0020 gram of ('c. 
Also the same value was gotten from another portion of ignited 
cerium oxalate. When 5 grams of steel are present and a blank 
is deducted higher values per c.c. of standard solution were 
obtained running as high as 1 c.c. equal 0.0038 gram of (^e. 
Therefore this method which is the best volumetric thus far tried 
in this laboratory must be carried out with about the same 
amount of iron present in the standardizing mixture as is likely 
to be in the sample to be analyzed. CmRO\vrM must be absent 
as it is oxidized by the lead peroxide in the same way as the 
cerium and consumes a definite amount of the ferrous-ammonium 
sulphate standard, being proportional to the chromium present. 

Second Volumetric Method for Cerium in Steel and 
Ferro-cerium 

Proceed exactly as in the first method up to the point where 
the solutions are to be oxidized but instead of using lead oxide, a 
permanganate solution (1 gram of KMn04 dissolved in a liter of 
water) is added a c.c. at a time avoiding at all times an excess. 
This permanganate is titrated into the boiling solution in this 
way until finally a slight precipitate of manganese oxide is 
obtained that does not disappear after fifteen minutes’ boiling. At 
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this point 100 milligrams of ammonium persulphate are added, 
after cooling off the solution somewhat. The solution is again 
boiled for fifteen minutes to destroy any manganic condition* that 
always forms during the foregoing operations. The solutions 
are then cooled; filtered and titrated as in the first volumetric 
method. After deducting blanffl? (which will run as high as 
11 c.c. before a blue end-point is gotten on 5 grams of non-cerium 
steel) the same ferrous ammonium standard as used in the 
peroxide method will have a cerium value of 1 c.c. equal to about 
0.005 gram of Ce. Chromium and vanadium interfere as stated 
and must be removed or corrected for, as already described in 
the first volumetric method. Pages 534 and 535. 

Chromium-vanadium Steel with much Cerium 
(Several Per Cent of Ce) 

Get 1 gram of the sample into solution in the manher described 
on page 535 under Manganese. This solution will now contain 
all of the cerium in shape to remove all of the chromium, 
vanadium and tungsten by peroxidation as described under 
chromium in ferro-chrornium, etc. This will require several 
peroxidations but in the end, the cerium and the iron will be on 
the filter, and the interfering elements will be in the alkaline 
filtrates. 

The cerium and iron can be then dissolved off with sulphuric 
acid and the cerium fuished by the lead peroxide method. 
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Part II 

Further Modification of the Fevert CO2 Weighing 
Apparatus 

In the Iron Age, vol. 102, No. 8, is shown Stetsor and Norton’s 
modification of the original Midvale Absorption and Weighing 
Apparatus for carbon dioxide as designed by Mr. II. L. Fevert, 
of the Midvale (^o. This “ bulb ” is shown in Fig. C’, page 541. 
The author tried this apparatus in the laboratory of the Park 
Works and* in the hands of a good man the bottom was knocked 
out after a run of 60 carbon combustions by a rather slight fall. 
The bottom or foot proved to be of very thin blown glass not 
as thick as an egg shell. 

Knowing the proneness of expert glassblowers to blow bulbs 
of paper thin walls, he submitted to a well-known house in 
Philadelphia a drawing of a further modification of this promising 
CO 2 “bulb,” •This drawing is shown in Fig. D, page 541. This 
shows a bottom or foot of heavy glass which eliminates the frail 
design shown in Fig. C. The originators’ have produced an 
apparatus that is simplicity itself. The author’s modification is 
somewhat larger than original modification shown at C. 

The author leads the products of the carbon combustion into 
this latest modification at the small tube shown about the middle 
of A in photo No. 68, page 540. “ A ” alone is weighed. “ B ” 

is used merely for a bubble tube, and containing KOH solution, 
acts as a guard against CO 2 , getting into “ A ” via its outlet 
at the top of “A.” This bulb according to the original scheme 
is filled with asbestos, saturated with sodium hydrate, and in 
(iry granular form. 
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FEVERT CO2 APPARATUS 



Photo No. 68 
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Silicon carbide, determination of, in graphite crucibles 402, 403 

Segregation, test for, in steel 274 

Bink, of stoneware 489 

Slag, containing titanium 68-71 

Specific gravity: 

of ammonia 482 

of nitric acid 480 

Stellite, analysis of 390, 391 

Slag containing oxides of tungsten, V and Cr 132, 137 

Still, steam still for distillat.on of water 514-515 

Sulphur, determination of ; 

in tungsten powder 75-77 

in coal 474, 475 

in coke 476 

in cobalt metal 388, 389 

in ferro-chrome 175, 177, 184 

in ferro-rnanganese . . 247 

in ferro-silicon and metallic silicon . . 48 

in ferro-molybdenum. 154 

in ferro-titanium 49 

in ferro-vanadium 34 

in ferro-phosphorus 328 

in molybdenum powders 148 

in Monel metal 242 

in steel, gravimetric, plain steel 335, 337 

in steel, volumetric, plain steel 330, 335 

in steel, gravimetric, for alloy steels 121 

in alloy steels by evolution with acid-carrying hydrogen at a yellow 

heat 122-128 

in fluorspar 454 

in graphite crucibles 405 

in oil 476-477 

in titanium steel 62 

in tungsten 75, 76, 80 

in iron ore 446 
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Sulphur, determination of — Continued paoe 

in tungsten ore 113 

Surface decarbonization 292, 423-429 

Standardization : 

of double sulphate of iron and ammonium: * ^ 

for vanadium 12, 13, 19, 20 

for chromium P * 175 

for mangane.sc 136 

of permanganate of potassium: 

for iron and mangane^ic 60 

for vanadium in fitccl . . . 12, 13, 19, 20, 21, 22, 23, 24, 26, 29, 30, 31 

for small amounts of iron in crucibh*8 405 

for iron in iron ore 444 

for uranium 360, 361 

of potassium dichromate: 

for small amounts of iron 242 

for iron ore 445 

of potassium cyanide: 

for copper in metallic copper 214-215 

for copper in Monel metal 240 

for nickel in Monel metal 241 

for nickel in steel 223 

Specific gravity in oils 467 

Tablea for laboratory 484, 487, 490 

Titanium, determination of: 

qualitative . . 3 

in ferro-titanium ... 49, 50, 51 

in fire brick 440 

in iron ore 447 

in plain titanium steel 63, 64, 65 

in vanadium titanium steel . V . ! 63,64 

in chrome-vanadium-mckel-titanium steel 67, 68 

in nickel steel 66 

in slag 68 

Tantalum in ores and alloys 138-143 

Tin: 

determination of, in steel 171 

in tungsten powder 93, 94, 95 

in tungsten ore 113 

Tubes, tapered clay combustion tubes 294, 523 

Tungsten : 

qualitative test for, in steel 1 

determination of, in steel 114, 130 

in ferro-tungsten-molybdenum 152 

in tungsten ores 99, 100, 101, 102, 103, 104 

in tungsten powder .• 72, 73, 74, 75 

in molybdenum powders 147 
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Triangle, one piece trityigle of true ni-chrome wire 519 

Tables, laboratory work tables 484, 487, 490 


Uranium: ^ 

determination of, in steel 

in ferro-uranium 

in ores 

qualitative test for 


363, 357, 362, 363, 365, 367 

354,357 

354,357 

: 366 


Vanadium, determination of ; 

qualitative 4 

in steel 5, 6, 7, 10, 13, 14, 15, 16, 17, 18, 37, 39 

in chrome-tungsten steel 131 

in chrome-vanadium steels 17, 18, 19 

in ferro-titanium ' 67 

in ferro-vanadium 8, 9, 38, 39 

in ores, carnotite, roscoolite, patronitc 369, 370 

in iron ore 449 

Viscosity of oils 467 

Volatile matter in coals 473 

in graphite crucibles 397 


Wash bottle, sanitary 

Wulfenite ore 


520 

168 


Zirconium: 

in plain steel 

ZircOnium-nickel alloy 
“Zirkite,” analysis of.. 


191, 192, 198, 202 

194 

202 








INTERNATIONAt ATOMIC WEIGHTS; nm 


^^lementi. | 

Atomic 

Weighte. 

EiTen^Dta. 

Atomic 

Weight^^ 

Symbol ] 

AliAnifthiV At 

27.1 

Neodymium 

Symbol 

Nd 

"^144.8 

Anfimonv • 

Sb 

120.2 1 

Neon 

Ne 

. 20.2 

Argpn 

A- 

39 9 \ 

Nickel 

Ni 

58.68 

Arsenic 

As 

74 96 

Niton (radium 

Nt 

222.4 

Barium 

Ba 

137.37 . 

emanation) 



Bismuth 

Bi 

208.0 

Nitrogen 

N 

14.08 

Boron 

B 

10.9 

OsmiOm 

Os 

190.9 

Bromine 

Br 

79 92 

Oxygen 

Palladium 

0 

16.00 

Cadmium 

Cd 

112 4 

Pd 

106.7 

Caesium 

Cs 

132.81 

Fh(Wt)horu8 

P 

31 04 

Calcium 

Ca 

40.07 

Platinum 

Pt 

195.2 

Carbon 

C 

12 005 

Potassium 

K 

39 10 

Cerium 

Ce 

140.25 

Praseodymium 

Pr 

140.9 

Chlorine 

Cl 

35.46 1 

Radium 

Ra 

226.0 

Chromium 

Cr 

52 0 

Rhodium 

Rh 

102.9 

Cobalt * 

Co 

58.97 . 

Rubidium 

Rb 

85 45 

Columbium 

Cb 

93 1 1 1. 

Ruthciniuin 

Ru 

101.7 

Copper 

Cu 

63 57 r 

Samal^ium 

8a 

150.4 

Dyprosium 1 ) 


162 5 r 

Scandium 

S. .iiSc 

44.1 

Erbium I i 


167.7 • 

Selenium 

I 8e j 

79.2 

Europium 

Eu 

152 0 

Silicon 

•i 8i 

28.3 

Fluorine 

F 

19 0 

Silver 

Ag 

107.88 

Gadolinium 

Gd 

157 3 

Sodium 

Na 

23.00 N; 

Gallium 

Ga 

70 1 

Strontium 

Sr 

■ 87.63 Si 

Germanium 

Ge 

72 5 

Sulphur 

8 

32.06 ^ 

Glucinum ^ > 

Gl 

9.1 

Tantalum 

Ta 

181.5 ' 

Gold 

Au 

197.2 

Tellurium 

Te 

127.5 

Helium 1 

He 

4 00 

Terbium 

Tb 

159.2 

Holmium ) : 

Ho 

163.5 

Thamurn 

Tl 

204 0 

i' 

; H 

1.008 

Thorium • 

Th 

232.15 

Inaium In 

In 

114.8 1 

Thulium 

Tm 

168.5 

Iodine 1 >• 1 

• •..I 

126.92 i 

Tin 

Sn 

118.7 

Iridium ! ' • 

Ir 

193.1 !- 

Titanium 

Ti 

48.1 

Iron ]• 

' Fe 

55 84 : 

Tungsten 

W 

184.0 

Krypton 

Krii 

82.92 ' • 

Uranium 

U 

238 2 

Lanthanum 

Lai. 

HI. 139.0 1 , 

Vanadium 

V 

51.0 

Lead 

1 Pb 

207.20 ;m. 

Xenon 

Xe 

130.2 

Lithium ’ )t 

Li. 

6.94 ' . 

Ytterbium (NeoyU Yb 

173.5 

Lutecium ' nf Lu/i 

. 175.0 

terbium) 



Magnesium > 

Mg. 

24.32 ‘ 

Yttrium 

Yt 

89 33 

Manganese 

Mn 

54.93 

Zinc 

Zn 

65.87 

Mercury 

.'Molybdenum 

H« 

Mo 

200.6 

96.0 

Zirconium 

Zr 

90.6 
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